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Expression of Group B Neisseria meningitidis 
Outer Membrane (MB3) Protein from 
Yeast and Vaccines 



Background of the Invention 
Field of the Invention 

The present invention is in the field of recombinant genetics, protein 
expression, and vaccines. The present invention relates to a method of expressing 
in a recombinant yeast host an outer membrane group B porin protein from 
Neisseria meningitidis. The invention also relates to a vaccine comprising group 
A meningococcal polysaccharide (GAMP), group B meningococcal 
polysaccharide (GBMP) and group C meningococcal polysaccharide (GCMP) 
antigens, together with a pharmaceutical^ acceptable carrier. The invention also 
relates to a method of inducing an immune response in a mammal, comprising 
administering the above-mentioned vaccine to a mammal in an amount sufficient 
to induce an immune response. 

Background Information 

Meningococcal meningitis remains a worldwide problem, and occurs in 
both endemic and epidemic forms (Peltola,.H., Rev. Infect. Dis. 5:71-91 (1983); 
Gotschlich, E.C., "Meningococcal Meningitis," in Bacterial Vaccines, Germanier, 
E., ed., Academic, New York (1984), pp.237-255). Epidemic disease occurs in 



all parts of the world and incidences as high as 500 per 1 00,000 population have 
been reported. Without antibiotic treatment the mortality is extremely high 
(85%), and even with antibiotics, it remains at approximately 10%. In addition, 
patients cured by antibiotic therapy can still suffer serious and permanent 
neurologic deficiencies. These facts together with the emergence of sulfadiazine- 
resistant strains of Neisseria meningitidis promoted the rapid development of a 
commercial vaccine (Peltola, H., Rev. Infect. Dis. 5:71-91 (1983)). 

Neisseria meningitidis is a gram-negative organism that has been 
classified serologically into groups A, B. 29e, Wl 35, X, Y. and Z (Gotschlich, 
E.C., "Meningococcal Meningitis." in Bacterial Vaccines. Germanier, E., ed.. 
Academic, New York (1984), pp.237-255). Additional groups H, I, and K were 
isolated in China (Ding, S.-Q. et aL 1 Biol Stand 9:307-3 1 5 ( 1 98 1 )) and group 
L was isolated in Canada (Ashton, F.E. et al. J. Clin. Microbiol. 77:722-727 
(1983)). The grouping system is based on the organisms' capsular 
polysaccharides. It was established (Lui, T.-Y. et aL J. Biol Chem. 246:2849- 
2858 (1971)) that the group A polysaccharide is a partially O-acetylated (1-6) 
linked homopolymer of 2-acetamido-2-detoxy-D-mannopyranosyl phosphate, and 
that both groups B and C polysaccharides are homopolymers of sialic acid. 

N. meningitidis groups A, B, and C are responsible for approximately 
90% of cases of meningococcal meningitis. Success in the prevention of group 
A and C meningococcal meningitis was achieved using a bivalent polysaccharide 
vaccine (Gotschlich, E.G. et aL J- Exp. Med J 29: 1367- 1384 (1969); Artenstein. 
M.S. et aL M Engl. J. Med. 252:417-420 (1970)); this vaccine became a 
commercial product and has been used successfully in the last decade in the 
prevention and arrest of major meningitis epidemics in many parts of the world. 
However, there has been a need to augment this vaccine because a significant 
proportion of cases of meningococcal meningitis are due to croups other than A 
and C. Group B is of particular epidemiologic importance, but groups Y and 
W135 are also significant (Cadoz. M. et aL Vaccine 3:340-342 (1985)). The 
inclusion of the group B polysaccharide in the vaccine has been a special problem 
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(see below); however, a tetravalent vaccine comprising groups A, C, W135, and 
Y has proven to be safe and immunogenic in humans (Cadoz, M. et al. Vaccine 
5:340-342 (1985)) and is the currently used meningococcal meningitis vaccine 
(Jennings, H.J., "Capsular Polysaccharides as Vaccine Candidates," in Current 
Topics in Microbiol and Immunol, Jann, D. and Jann, B., eds, Springer-Verlag, 
Berlin (1990) Vol 150:97-127). 

The outer membranes of Neisseria species much like other Gram negative 
bacteria are semi-permeable membranes which allow free flow access and escape 
of small molecular weight substances to and from the periplasmic space of these 
bacteria but retard molecules of larger size (Heasley, F.A., el al, "Reconstitution 
and characterization of the N gonorrhoeae outer membrane permeability barrier," 
in Genetics and Immunobiology of Neisseria gonorrhoeae, Danielsson and 
Normark, eds., University of Umea, Umea, pp. 1 2- 1 5 ( 1 980); Douglas, J.T., et al 9 
FEMS Microbiol Lett 72:305-309 (1981)). One of the mechanisms whereby this 
is accomplished is the inclusion within these membranes of proteins which have 
been collectively named porins. These proteins are made up of three identical 
polypeptide chains (Jones, R.B., et al. Infect. Immun. 50:773-780 (1980): 
McDade, Jr. and Johnston, J. Bacterial NI:\ 183-1 191 (1980)) and in their 
native trimer conformation, form water filled, voltage-dependent channels within 
the outer membrane of the bacteria or other membranes to which they have been 
introduced (Lynch, E.C., et al, Biophys. J. 41:62 (1983); Lynch, E.G., et al. 
Biophys, J. 45:104-107 (1984); Young, J.D.E., et al, Proc. Natl Acad. ScL USA 
50:3831-3835 (1983); Mauro, A., etal,Proc. Natl Acad ScL USA 55:1071-1 075 
(1988); Young, J.D., et al, Proc. Natl Acad Sci. USA 55:150-154 (1986)). 
Because of the relative abundance of these proteins within the outer membrane, 
these protein antigens have also been used to subgroup both Neisseria 
gonorrhoeae and Neisseria meningitidis into several serotypes for 
epidemiological purposes (Frasch. C.E.,<?/ al. Rev. Infect. Dis. 7:504-510(1985); 
Knapp, J.S., et al., "Overview of epidemiological and clinical applications of 
auxotype/serovar classification of Neisseria gonorrhoeae The Pathogenic 



Neisserias Schoolnik, G.K., ed., American Society for Microbiology, 
Washington, pp. 6-12 (1985)). To date, many of these proteins from both 
gonococci and meningococci have been purified (Heckels, J.E., J. Gen. 
Microbiol. 99:333-341 ( 1 977); James and Heckels, J. Immunol Meth 42:223-228 
(1981); Judd, R.C., Anal Biochem. 773:307-316 (1988); Blake and Gotschlich, 
Infect. Immun. 56:277-283 (1982): Wetzler, L.M., et aL J. Exp. Med 765:1 883- 
1897 (1988)), and cloned and sequenced (Gotschlich, E.C., et aL Proc. Natl 
Acad. Sci. USA 54:8135-8139 (1987); McGuinness, B., et aL J. Exp. Med 
777:1871-1882 (1990); Carbonetli and Sparling, Proc. Natl Acad. Sci USA 
54:9084-9088 (1987); Feavers, I .ML et aL Infect. Immun. 60:3620-3629 (1992): 
Murakami, K., et at.. Infect. Immun. 57:2318-2323 (1989); Wolff and Stern, 
FEMS Microbiol. Lett. 53:179-186 (1991); Ward, M.J., et aL FEMS Microbiol 
Lett. 73:283-289(1992)). 

The porin proteins were initially co-isolated with lipopolysaccharides 
(LPS). Consequently, the porin proteins have been termed "endotoxin-associated 
proteins" (Bjomson etal, Infect. Immun. 56:1602-1607 (1988)). Studies on the 
wild type porins have reported that full assembly and oligomerization are not 
achieved unless LPS from the corresponding bacterial strain is present in the 
protein environment (Holzenburg et al t Biochemistry 25:41 87-41 93 (1989); Sen 
and Nikaido, J. Biol Chem. 266:11295-11300(1991)). 

The meningococcal porins have been subdivided into three major 
classifications which in antedated nomenclature were known as Class 1 , 2, and 
3 (Frasch, C.E., et aL Rev. Infect. Dis. 7:504-510 (1985)). Each meningococcus 
examined has contained one of the alleles for either a Class 2 porin gene or a 
Class 3 porin gene but not both (Feavers, I.M., et aL, Infect. Immun. 60:3620- 
3629 (1992)); Murakami, K., et aL Infect. Immun. 57:2318-2323 (1989)). The 
presence or absence of the Class 1 gene appears to be optional. Likewise, all 
probed gonococci contain only one porin gene with similarities to either the Class 
2 or Class 3 allele (Gotschlich, E.G.. et aL Proc. Natl. Acad Sci. USA 54:8 1 35- 
8139 (1987); Carbonetti and Sparling. Proc Nail Acad. Sci. USA 54:9084-9088 
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(1987)). N. gonorrhoeae appear to completely lack the Class 1 allele. The data 
from the genes that have been thus far sequenced would suggest that all neisserial 
porin proteins have at least 70% homology with each other with some variations 
on a basic theme (Feavers, I.M., el al % Infect, lmmun. (50:3620-3629 (1 992)). It 
has been suggested that much of the variation seen between these neisserial porin 
proteins is due to the immunological pressures brought about by the invasion of 
. these pathogenic organisms into their natural host, man. However, very little is 
known about how the changes in the porin protein sequence effect the functional 
activity of these proteins. 

It has been previously reported that isolated gonococcal porins of the 
Class 2 allelic type behave electrophysically somewhat differently than isolated 
gonococcal porins of the Class 3 type in lipid bilayer studies both in regards to 
their ion selectivity and voltage-dependence (Lynch. E.C., et c//., Biophys. J. 
41:62 (1983); Lynch, E.C., et al. % Biophys. J. 4 '5:104-107 (1984)). Furthermore, 
the ability of the different porins to enter these lipid bilayers from intact living 
bacteria seems to correlate not only with the porin type but also with the 
neisserial species from which they were donated (Lynch, E.C, et ai, Biophys. J. 
•/J: 104- 107 (1984)). It would seem that at least some of these functional 
attributes could be related to different areas within the protein sequence of the 
porin. One such functional area, previously identified within all gonococcal 
Class 2-like proteins, is the site of chymotrypsin cleavage. Upon chymotrypsin 
digestion, this class of porins lack the ability to respond to a voltage potential and 
close. Gonococcal Class 3-Iike porins as well as meningococcal porins lack this 
sequence and are thus not subject to chymotrypsin cleavage, but nonetheless 
respond by closing to an applied voltage potential (Greco. F.. "The formation of 
channels in lipid bilayers by gonococcal major outer membrane protein," thesis. 
The Rockefeller University, New York (1981); Greco, F.. et ai. Fed. Proc. 
3P: J 81 3 (1980)). 

As the Neisseria porins are among the most abundant proteins present in 
the outer membrane of these organisms, and as they do not undergo antigenic 
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shift during infection (unlike several other major surface antigens), their universal 
presence in both Neisseria meningitidis and Neisseria gonorrhoea, as well as 
their exposure at the surface, make them candidates for components of vaccines 
against these organisms. Patients convalescing from meningococcal disease 
produce anti-porin antibodies, and antibodies elicited by immunization with porin 
proteins are bactericidal to homologous serotypes. Furthermore, within a 
particular epidemiologic setting, most strains causing meningococcal disease 
belong to a limited number of serotypes, notably serotype 2 among strains with 
a class 2 protein and serotype 15 among strains with class 3 proteins. Therefore, 
class 2 and 3 proteins are attractive candidates for vaccines. 

The major impediment for such studies has been the ability to easily 
manipulate the porin genes by modem molecular techniques and obtain sufficient 
purified protein to carry out the biophysical characterizations of these altered 
porin proteins. It was early recognized that cloned neisseria! porin genes, when 
expressed in Escherichia coli, were lethal to the host £ coli (Carbonetti and 
Sparling, Proc. Natl. Acad Sci. USA 5^:9084-9088 (1987); Carbonetti, N.H., 
et a/., Proc. Natl Acad Sci. USA 55:6841-6845 (1988); Barlow, A.K., et aL 
Infect: Immun. 55:2734-2740 (1987)). Thus, many of these genes were cloned and 
sequenced as pieces of the whole gene or placed into low copy number plasmids 
under tight expression control (Carbonetti, N.H., et al. % Proc. Natl: Acad. Sci. 
USA 55:6841-6845 (1988)). Under these conditions, even when the entire porin 
gene was expressed, very little protein accumulated that could be further purified 
and processed for characterization. 

Another tack to this problem which has met with a modicum of success 
has been to clone the porin genes into a low copy, tightly controlled expression 
plasmid, introduce modifications to the porin gene, and then reintroduce the 
modified sequence back into Neisseria (Carbonetti. N.H.. et al.Proc Natl Acad. 
Sci. USA 55:6841-6845 (1988)). However, this has also been fraught with 
problems due to the elaborate restriction endonuclease system present in 
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Neisseria, especially gonococci (Davies. J.K., Clin. Microbiol. Rev. 2:S78-S82 
(1989)). 

While a vaccine comprising neisserial porin has long been sought, an 
effective meningococcal polysaccharide vaccine which would give complete 
coverage to all serogroup organisms and to all humans is also needed. Several 
serious problems remain in the development of such a broad range polysaccharide 
vaccine. First, it has been established that although the group A and C 
polysaccharides are efficacious in adults and older children, their effectiveness 
in infants has only been marginal (Goldschneider, I., et aL, J- Infect. Dis. 
128:769-776 (1973); Gotschlich. E.C., et at, "The Immune Responses to 
Bacterial Polysaccharides in Man," In: Antibodies in Human Diagnosis and 
Therapy, Haber. E. and Krause, R.M., eds.. Raven, New York (1977), pp. 391- 
402). Second, the group B meningococcal polysaccharide is only poorly 
immunogenic in man (Wyle, F.A., et aL, 1 Infect. Dis. J 26:5 14-521 (1 972)). A 
third problem is the tendency for multivalent vaccines to be less immunogenic 
than each component would be if administered individually (Insel, R.A., 
"Potential alterations in immunogenicity by combining or simultaneously 
administering vaccine components," In: Annals of the New York Academy of 
Sciences, Vol. 754. Combined Vaccines and Simultaneous Administration; 
Current Issues and Perspectives, Williams. J.C.. et aL. eds, New York Academy 
of Sciences, New York (1993), pp. 35-47; Clemens, J., et aL, "Interactions 
between PRP-T vaccine against Haemophilus influenzae type b and conventional 
infant vaccines: lessons for future studies of simultaneous immunization and . 
combined vaccines," In: Annals of the New York Academy of Sciences, Vol. 754. 
Combined Vaccines and Simultaneous Administration: Current Issues and 
Perspectives, Williams, J.C., et aL. eds, New York Academy of Sciences, New 
York (1993), pp. 255-266; Paradiso. P.R., et aL. Pediatrics 92^:827-832 
(1993)). 

Presently available vaccines against group A and C N meningitidis are 
poorly immunogenic in human infants (age two and under) because, in contrast 



to the immunity generated by most antigens, a polysaccharide-specific immune 
response in infants is T-cell-independent. In the absence of T-cell involvement, 
an immune response is of short duration. More importantly, no memory is 
demonstrable, so no "booster" reactions occur. Furthermore, antibody affinity 
maturation does not occur. These deficiencies are due to the inability of 
polysaccharides to specifically bind to T-cells. Presumably, the structural 
features required for association with a T-cell receptor do not exist in the majority 
of polysaccharides. Because of the T-cell independent nature of the immune 
response, the antibody response to a polysaccharide in infants is limited to 
antibodies of the IgM isotype; the isotype switching necessary for production of 
non-IgM antibodies requires T-cell involvement. Polysaccharide antigens present 
less of a problem in more mature humans (over age two), as they are able lo 
induce antibodies of the IgG isotype as well as IgM (Yount el aL, J. Exp. Med. 
727:633-646 (1968)). 

The group B meningococcal polysaccharide is even less immunogenic in 
humans of all ages than other polysaccharides. Two major explanations have 
been proposed to account for this characteristic (Jennings, H.J., Adv. Carhohydr. 
Chem. Biochem. 47:155-208 (1983); Lifely, M.R. et aL, Vaccine 5:1 1-26 (1987)). 
One is that the group B meningococcal polysaccharide, an a-(2-*8)-Iinked sialic 
acid homopolymer, is rapidly depolymerized in human tissue because of the 
action of neuraminidase. The other is that the structure is recognized as "self by 
the human immune system and in consequence, the production of antibody 
specific for this structure is suppressed. The weight of evidence is in favor of the 
latter explanation because a neuraminidase-sensitive variant of the group C 
meningococcal polysaccharide [an a-(2-+9)-linked sialic acid homopolymer] still 
proved to be highly immunogenic in man (Glode, M.P. et al.. ,/. Infect. Dis. 
J 39:52-59 (1979)). In addition it was demonstrated that conjugation of the group 
B polysaccharide to a protein carrier (tetanus toxoid) through its terminal 
nonreducing sialic acid, which stabilizes the polysaccharide to neuraminidase, did 
not result in any significant enhancement in its immunogenicity (Jennings. H.J. 
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and Lugowski, C, J. Immunol. 727:101 1-1018 (1981)). The above observations 
are consistent with a theory that the immune mechanism avoids the production 
of antibody having a specificity for the a-(2-+8)-linked sialic acid residues. This 
theory was further confirmed by the identification of a-(2-+8)-linked sialic acid 
residues in the oligosaccharides of human and animal tissue. A novel approach 
to overcoming the poor immunogenicity of the group B polysaccharide has been 
to modify it chemically. 

The T-cell independent quality of polysaccharide antigens in infant 
^humans can be overcome by conjugating (covalently coupling) the polysaccharide 
to a protein carrier. The capsular polysaccharides of the bacteria primarily 
responsible for postneonatal meningitis have been conjugated to protein carriers; 
these include type b H. influenzae (Schneerson, R. et aL J. Exp. Med. 752:361- 
376 (1980); Anderson, P.W., Infect. Immun. 39:233-238 (1983); Marburg, S. et 
al, J. Am. Chem. Soc. 705:5282-5287 (1986)), group A (Jennings, H.J. and 
Lugowski, C.J. Immunol. 727:101 1-1018 (1981)) ; Beuvery, E.C. etal.. Vaccine 
7:31-36 (1983)), B (Jennings, H.J. and Lugowski, C, J. Immunol 727:101 1-1018 
(1981)), and C (Jennings, H.J. and Lugowski, C, J. Immunol. 727:101 1-1018 
(1981)); Beuvery, E.C. et aL Infect. Immun. 40:39-45 (1983)) N. meningitidis. 
and type 6A Strep, pneumoniae (Chu, C. et al., Infect. Immun. 40:245-256 
(1983)). For the choice of carrier protein most investigators have used tetanus 
toxoid or diphtheria toxoid, two proteins currently used as infant vaccines. A 
recent innovation on this theme has been the use of a mutant-derived diphtheria 
toxin (CRM w ) (Anderson, P.W., Infect. Immun. 5P:233-238 (1983)) which is 
nontoxic. The significance of this protein is that because it does not require 
detoxifying by treatment with formaldehyde, all its amino groups remain 
underivatized, which greatly facilitates the conjugation process. 

The use of other potential bacterial proteins as carriers has not been 
extensively explored. However, a serotype outer member protein of A'. 
meningitidis has been used as a protein carrier (Marburg, S. et aL J. Am. Chem. 
Soc. 705:5282-5287(1986)). 
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In light of the foregoing, it will be clear that there is a significant need for 
a process by which large quantities of the outer membrane group B porin proteins 
of N. meningitidis can be obtained. It will also be clear that a need exists for a 
polysaccharide vaccine which would give complete coverage to the three major 
serogroups of N. meningitidis, groups A, B and C, and which would provide 
immunity against these organisms to both infants and more mature humans. 

Summary of the Invention 

It is a general object of the invention to provide a method of expressing 
in yeast the meningococcal group B porin proteins, in particular, the class 3 porin 
protein. 

It is a specific object of the invention to provide a method of expressing 
the outer membrane meningococcal group B porin protein or a fusion protein 
thereof in yeast, comprising: 

(a) cloning into a plasmid having a selectable marker a gene coding 
for a protein selected from the group consisting of: 

(i) a mature porin protein 

(ii) a fusion protein which is a mature porin protein fused 
to a yeast secretion signal peptide; 

wherein said gene is operably linked to a yeast promoter; 

(b) transforming said plasmid containing said gene into a yeast strain; 

(c) selecting the transformed yeast by growing said yeast in a culture 
medium allowing selection of said transformed yeast; 

(d) growing the transformed yeast, and 

(e) inducing expression of said protein to give yeast containing 
said protein; 

wherein the protein so expressed comprises more than about 2% of the total 
protein expressed in said yeast. 
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lt is another specific object of the invention to provide a method of 
expressing a mature porin protein or fusion protein thereof wherein the protein 
so expressed comprises about 3-5% of the total protein expressed in yeast. 

It is yet another specific object of the invention to provide a method of 
expressing a mature porin protein wherein the protein is the Neisseria 
meningitidis outer membrane meningococcal group B porin protein (MB3). 

It is another specific object of the invention to provide a method of 
expressing a mature porin protein or fusion protein thereof wherein the yeast 
promoter is the AOX1 promoter. 

It is another specific object of the invention to provide a method of 
expressing the outer membrane meningococcal group B porin protein or a fusion 
protein thereof in yeast, wherein the yeast secretion signal peptide is selected 
from the group consisting of the secretion signal of the S. cerevisiae a-mating 
factor prepro-peptide and the secretion signal of the P. pastoris acid phosphatase 
gene {PHO). 

It is yet another specific object of the invention to provide a method of 
expressing MB3 or a fusion protein thereof in yeast as described above, wherein 
the plasmid is selected from the group consisting of pHIL-D2. pHIL-Sl, pPIC9 
and pPIC9K. 

It is a further specific object of the invention to provide a method of 
expressing the above-described meningococcal group B porin protein or fusion 
protein wherein at least one codon of the 5 ' region of the gene encoding said 
protein has been changed so as to be optimized for yeast codon usage. 

It is still a further specific object of the invention to provide a method of 
expressing the above-described meningococcal group B porin protein or fusion 
protein wherein the 5' region of the gene encoding said protein comprises a 
nucleotide sequence that incorporates codons optimized for P. pastoris codon 
usage. 

It is another specific object of the invention to provide a method as 
described above wherein the codon changes are selected from the group of 
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changes consisting of: (GTT to GTC at positions 4-6 of the native sequence), 
(ACC to ACT at positions 7-9 of the native sequence), (CTG to TTG at positions 
10-12 of the native sequence), (GGC to GGT at positions 16-18 of the native 
sequence), (ACC to ACT at positions 19-21 of the native sequence), (ATC to 
ATT at positions 22-24 of the native sequence), (AAA to AAG at positions 25-27 
of the native sequence), (GCC to GCT at positions 28-30 of the native sequence), 
(GGC to GGT at positions 31-33 of the native sequence), (GTA to GTT at 
positions 34-36 of the native sequence), (GAA to GAG at positions 37-39 of the 
native sequence); wherein said positions are numbered from the first nucleotide 
of the native nucleotide sequence encoding said protein. 

It is another specific object of the invention to provide a method as 
described above wherein the 5' region of the gene includes codons optimized for 
P. pastoris codon usage, and wherein the nucleotide sequence is SEQ ID NO: 26. 

It is another specific object of the invention to provide a method of 
expressing the above-mentioned protein wherein the yeast secretes the protein or 
fusion protein. 

It is another specific object of the invention to provide a method of 
expressing the above-mentioned protein wherein the vector from which the 
secreted protein is expressed is selected from the group consisting of pHIL-SK 
pPIC9. and pPIC9K. 

It is another specific object of the invention to provide a method of 
purifying insoluble, intracellular outer membrane meningococcal group B porin 
protein or fusion protein thereof obtained according to the invention comprising: 

(a) lysing the yeast described above which has expressed the 
protein to release said protein as an insoluble membrane bound 
fraction; 

(b) washing the insoluble material obtained in step (a) with 
buffers to remove contaminating yeast cellular proteins; 

(c) suspending and dissolving said insoluble fraction obtained 
in step (b) in aqueous solution of denaturam; 
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(d) diluting the solution obtained in step (c) with a detergent; 
and 

(e) purifying said protein by gel filtration and ion exchange 
chromatography. 

It is another specific object of the invention to provide a method of 
purifying the outer membrane meningococcal group B porin protein or fusion 
protein thereof obtained according to the invention comprising: 

(a) centrifuging the yeast culture described above which has 
expressed the protein to isolate the protein as soluble secreted 
material; 

(b) removing contaminating yeast culture impurities from 
the soluble secreted material obtained in step (a) by precipitating 
said impurities with about 20% cthanol, wherein the soluble 
secreted material remains in the soluble fraction; 

(c) precipitating the secreted material from the soluble fraction 
of step (b) with about 80% ethanol: 

(d) washing the precipitated material obtained in step (c) with 
a buffer to remove contaminating yeast secreted proteins; 

(e) suspending and dissolving the precipitated material 
obtained in step (d) in an aqueous solution of detergent; and 

(f) purifying the protein by ion exchange chromatography. 
It is a further specific object of the invention to provide a yeast host cell 

that contains a gene coding for a protein selected from the group consisting of: 

(a) a mature porin protein " 

(b) a fusion protein which is a mature porin protein fused to a 
yeast secretion signal peptide; 

wherein said gene is operably linked to a yeast promoter. 

It is still another specific object of the invention to provide a yeast host, 
cell as described above which is capable of expressing the Neisseria meningitidis 
mature outer membrane class 3 protein of serogroup B (MB3). 
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It is still another specific object of the invention to provide a yeast host 
cell as described above wherein the yeast promoter is the AOX I promoter. 

It is another object of the invention to provide a vaccine comprising group 
A meningococcal polysaccharide (GAMP), group B meningococcal poly- 
saccharide (GBMP), and group C meningococcal polysaccharide (GCMP) 
antigens, together with a pharmaceutical^ acceptable carrier. 

It is still another specific object of the invention to provide a method of 
inducing an immune response in a mammal, comprising administering to a 
mammal the above-described vaccine in an amount sufficient to induce an 
immune response in a mammal. 

Further objects and advantages of the present invention will be clear from 
the description that follows. 

Brief Description of the Drawings 

Figure 1 : A diagram showing the sequencing strategy of the PorB gene. 
The PCR product described in Example 1 (Materials and Methods section) was 
ligated into the BamYWXhol site of the expression plasmid pET-1 7b. The initial 
double stranded primer extension sequencing was accomplished using 
oligonucleotide sequences directly upstream of the BumU\ site and just 
downstream of the Xhdl site within the pET-17b plasmid. Additional sequence 
data was obtained by making numerous deletions in the 3' end of the gene, using 
exonuclease III/mung bean nuclease reactions. After religation and 
transformation back into E. colu several clones were selected on size of insert and 
subsequently sequenced. This sequencing was always from the 3' end of the gene 
using an oligonucleotide primer just downstream of the Bpu\ 1021 site. 

Figure 2: A gel electrophoresis showing the products of the PCR reaction 
(electrophoresed in a 1 % agarose using TAE buffer). 

Figures 3A and 3B. Fig. 3A: SDS-PAGE analysis of whole cell lysates 
of E. coli hosting the control pET-17b plasmid without inserts and an £. coll 
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clone harboring pET-17b plasmid containing an insert from the obtained PCR 
product described in the materials and methods section. Both cultures were 
grown to an O.D. of 0.6 at 600 nm, IPTG added, and incubated at 37°C for 2 hrs. 
1.5 mis of each of the cultures were removed, centrifuged, and the bacterial pellet 
solubilized in 100 jil of SDS-PAGE preparation buffer. Lane A shows the 
protein profile obtained with 10 ^1 from the control sample and Lanes B (5 ^1) 
and C (10 ^1) demonstrate the protein profile of the E. coli host expressing the 
PorB protein. Fig. 3B: Western blot analysis of whole cell lysates of £ coli 
harboring the control pET-17b plasmid without insert after 2 hrs induction with 
IPTG, Lane A, 20 |il and a corresponding E. coli clone containing a porB-pET- 
17b plasmid, Lane B, 5 |il; Lane C 10 \x\\ and Lane D. 20 \xl The monoclonal 
antibody 4D1 1 was used as the primary antibody and the western blot developed 
as described. The pre-stained low molecular weight standards from BRL were 
used in each case. 

Figure 4: The nucleotide sequence and the translated amino acid sequence 
of the mature PorB gene cloned into the expression plasmid pET-1 7b. The two 
nucleotides which differ from the previously published serotype 15 PorB are 
underlined. 

Figure 5: A graph showing the Sephacryl S-300 column elution profile 
of both the wild type Class 3 protein isolated from the meningococcal strain 8765 
and the recombinant Class 3 protein produced by BL21(DE3) -AompA E. coli 
strain hosting the r3pET-17b plasmid as monitored by absorption at 280nm and 
SDS-PAGE analysis. The void volume of the column is indicated by the arrow. 
Fractions containing the meningococcal porin and recombinant porin as 
determined by SDS-PAGE are noted by the bar. 

Figure 6: A graph showing the results of the inhibition EL1SA assays 
showing the ability of the homologous wild type (wt) PorB to compete for 
reactive antibodies in six human immune sera. The arithmetic mean inhibition 
is shown by the bold line. 
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Figure 7: A graph showing the results of the inhibition EL1SA assays 
showing the ability of the purified recombinant PorB protein to compete for 
reactive antibodies in six human immune sera. The arithmetic mean inhibition 
is shown by the bold line. 

Figure 8: A graph showing a comparison of these two mean inhibitions 
obtained with the wt and recombinant PorB protein. 

Figure 9A and 9B: The nucleotide sequence and the translated amino acid 
sequence of the mature class II porin gene cloned into the expression plasmid 
pET-17b. 

Figure 10A and 10B: The nucleotide sequence and the translated amino 
acid sequence of the fusion class II porin gene cloned into the expression plasmid 
pET-17b. 

Figure 1 1 (panels A and B): Panel A depicts the restriction map of the 
pET-1 7b plasmid. Panel B depicts the nucleotide sequence between the Bglll and 
Xhol sites of pET-17b. The sequence provided by the plasmid is in normal print 
while the sequence inserted from the PCR product are identified in bold print. 
The amino acids which are derived from the plasmid are in normal print while the 
amino acids from the insert are in bold. The arrows demarcate where the 
sequence begins to match the sequence in Figure 4 and when it ends. 

Figure 12: A graph showing the level of expression of MB 3 for clone pnv 
322, where the expression vector used is pHIL-D2. The level of MB3 expressed 
is depicted as mg of insoluble MB3 per gram of cell pellet per unit time. 

Figure 13A: The DNA sequence and translated amino acid sequence of 
pNV15 (MB3 in pET24a) before codon preference optimization. 

Figure 13B: The DNA sequence and translated amino acid sequence of 
Men.Class3 opt. (MB3 optimized for yeast codon preference). 

Figures 14A and 14B: Graphs showing the elution of MB3 from a size 
exclusion column. MB3 expressed in an intracellular form was purified by a 
denaturation/renaturation protocol, followed by gel filtration and ion exchange 
chromatography. The resultant purified protein exhibited by size exclusion 
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chromatography an elution profile which resembles the recombinant class 3 
protein overexpressed in £ coli, and both give the same elution profile as the 
native wild-type counteipart. This indicates that MB3 refolds and oligomcrizes, 
achieving full native conformation. 14(A): the elution profile of MB3; 14(B): the 
elution profile of class 3 protein expressed and refolded from £ coli inclusion 
bodies. 

Figure 15: A graph showing the size exclusion chromatography of 
purified MB3 on a Superose 12 (Pharmacia) column connected to an HPLC 
(Hewlett Packard model 1090). Based on the comparison of MB3 with the native 
wild-type counterpart, as well as calibration using molecular weight standards 
(designated as arrows), the elution profile is indicative of trimeric assembly. 
Molecular weight markers are: 1 = thyroglobulin (670,000); 2 = gammaglobulin 
(158,000); 3 = myoglobin (17,000). 

Figures 16A, 16B and 16C: The DNA sequence of clone pnv 322. This 
clone has the MB3 gene inserted into the EcoR\ site of the Invitrogen expression 
vector pHIL-D2. MB3 is thus inserted directly downstream from the AOXI 
promoter. This construct allows intracellular expression. Vector sequences are 
shown in upper case letters, while the MB3 sequence is given in lower case 
letters. 

Figures 17A, 17B and'17C: The DNA sequence of clone pnv 318. This 
clone has the MB3 gene inserted into the XhoI-BamHI sites of the Invitrogen 
expression vector pHIL-Sl. MB3 is thus inserted directly downstream from the 
PHOl leader peptide, in frame with the secretion signal open reading frame for 
secretion of expressed protein. Vector sequences are shown in upper case letters, 
while the MB3 sequence is given in lower case letters. 

Figures 18A, 18B and 18C: The DNA sequence of clone pnv 342. This 
clone has the MB3 gene inserted into the EcoRl-Avrll sites of the Invitrogen 
expression vector pPIC-9. MB3 is thus inserted directly downstream from the 
secretion signal of a-factor prepro peptide, for secretion of expressed protein. 



Vector sequences are shown in upper case letters, while the MB3 sequence is 
given in lower case letters. 

Figures 19A, 19B and 19C: The DNA sequence of clone pnv 350. This 
clone has the MB3 gene inserted into the EcoR\-AvrIl sites of the Invitrogen 
expression vector pPIC-9K. MB3 is thus inserted directly downstream from the 
secretion signal of a-factor prepro peptide, for secretion of expressed protein. 
Vector sequences are shown in upper case letters, while the MB3 sequence is 
given in lower case letters. 

Figure 20: A graph showing the absorbance spectra (electropherogram) 
of GAMP, TT-monomer, and GAMP-TT conjugate. 

Figure 21 : A graph showing the absorbance spectra (electropherogram) 
of GCMP, TT-monomer, and GCMP-TT conjugate. 

Figure 22: A graph showing the A-specific lgG EL1SA titer elicited by 
monovalent (A) and trivalent (A/B/C) meningococcal conjugate vaccines in mice. 

Figure 23: A graph showing the B-specific lgG ELISA titer elicited by 
monovalent (A) and trivalent (A/B/C) meningococcal conjugate vaccines in mice. 

Figure 24: A graph showing the C-specific IgG ELISA titer elicited by 
monovalent (C) and trivalent (A/B/C) meningococcal conjugate vaccines in mice. 

Figure 25: A graph showing the A-specific bacteriocidal activity elicited 
by monovalent (A) and trivalent (A/B/C) meningococcal conjugate vaccines in 
mice. 

Figure 26: A graph showing the B-specific bacteriocidal activity elicited 
by monovalent (A) and trivalent (A/B/C) meningococcal conjugate vaccines in 
mice. 

Figure 27: A graph showing the C-specific bacteriocidal activity elicited 
by monovalent (A) and trivalent (A/B/C) meningococcal conjugate vaccines in 
mice. 
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Detailed Description of the Invention 



It is possible to overcome some of the difficulties involved in expressing 
and purifying the outer membrane group B porin proteins of N. meningitidis from 
£ coli. The DNA sequences of the mature porin proteins, e.g. class 2 and class 
3 as well as fusions thereof, were amplified using the chromosome of the 
meningococcal bacteria as a template for the PCR reaction. The amplified porin 
sequences were ligated and cloned into an. expression vector containing the T7 
promoter. £ coli strain BL21 lysogenic for the DE3 lambda phage (Studier and 
Moffatt, J. Mol Biol 189:1 1 3-1 30 (1986)), modified to eliminate the amp A gene, 
was selected as one expression host for the pET-1 7b plasmid containing the porin 
gene. Upon induction, large amounts of the meningococcal porin proteins 
accumulated within £ coli without any obvious lethal effects to the host 
bacterium. The expressed meningococcal porin proteins were extracted and 
processed through standard procedures and finally purified by molecular sieve 
chromatography and ion exchange chromatography. As judged by the protein 
profile from the molecular sieve chromatography, the recombinant 
meningococcal porins eluted from the column as trimers. To be certain that no 
PCR artifacts had been introduced into the meningococcal porin genes to allow 
for such high expression, the inserted PorB gene sequence was determined. 
Inhibition ELISA assays were used to give further evidence that the expressed 
recombinant porin proteins had renatured into their natural antigenic and trimer 
conformation. 

As an alternative to the bacterial £ coli host system. Meningococcal B 
Class 3 porin protein (MB3) may be expressed in yeast. A preferred host is the 
methylotrophic yeast Pichia pastoris, which may be transformed with the Pichia 
Expression Kit developed by Invitrogen. Yeasts are attractive hosts for the 
production of heterologous proteins. Unlike prokaryotic systems, their eukaryotic 
subcellular organization enables them to carry out many of the post-translational 
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folding, processing and modification events required to produce "authentic" and 
bioactive proteins. As a eukaryote, Pichia pastoris has many of the advantages 
of a higher eukaryotic expression system, while being as easy to manipulate as 
£ coli or Saccharomyces cerevisiae. As a yeast, it shares the advantages of 
molecular and genetic manipulations with Saccharomyces, and it has the added 
advantages of 10- to 100-fold higher heterologous protein expression levels and 
the protein processing characteristics of higher eukaryotes. 

Expression in Pichia also provides advantages compared to expression in 
other yeast strains because Pichia does not tend to hyperglycosylate proteins as 
does S. cerevisiac. Further, proteins expressed and modified in Pichia may be 
more useful therapeutically than those produced by S. cerevisiac, as 
oligosaccharides added by Pichia lack the <xl,3 glycan linkages which are 
believed to be primarily responsible for the hyper-antigenic nature of proteins 
produced by £ cerevisiae. Several vaccine antigens have been produced in yeast 
cells, including hepatitis B surface antigen which is in clinical use (Cregg et aL % 
Bio/Technology 77:905-910 (1993)). 

Unlike the porin proteins of £ coli and a few other gram negative 
bacteria, relatively little is known about how changes in the primary sequence of 
porins from Neisseria effect their ion selectivity, voltage dependence, and other 
biophysical functions. Recently, the crystalline structure of two £ coli porins, 
OmpF and PhoE, were solved to 2.4A and 3.0A, respectively (Cowan, S.W., 
et aL 9 Nature 555:727-733 (1992)). Both of these £ coli porins have been 
intensively studied owing to their unusual stability and ease with which molecular 
genetic manipulations could be accomplished. The data obtained for the genetics 
of these two porins correlated well with the crystalline structure. Although it has 
been shown in several studies using monoclonal antibodies to select neisserial 
porins that the surface topology of Neisseria closely resembles that of these two 
£ coli porins (van der Ley, P., et al, Infect. Immun. 59:2963-2971 (1991)), 
almost no information is available about how changes in amino acid sequences 
in specific areas of the neisserial porins effect their biophysical characteristics, 
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as is known about the E. coli porins (Cowan, S.W., et al, Nature J5£:727-733 
(1992)). 

Two of the major problems impeding this research are: (1 ) the inability 
to easily manipulate Neisseria genetically by modern molecular techniques and 
(2) the inability to express sufficient quantities of neisserial porins in E. coli or 
yeast for further purification to obtain biophysical and biochemical 
characterization data. In fact, most of the DNA sequence data on gonococcal and 
meningococcal porins have been obtained by cloning overlapping pieces of the 
porin gene and then reconstructing the information to reveal the entire gene 
sequence (Gotschlich, E.C., et aL Proc. Natl Acad Sci USA £4:8135-8139 
(1987); Murakami, K., et al % Infect. Immun. 57:2318-2323 (1989)), Carbonetti 
et al were the first to clone an entire gonococcal porin gene into E. coli using a 
tightly controlled pT7-5 expression plasmid. The results of these studies showed 
that when the porin gene was induced, very little porin protein accumulated and 
the expression of this protein was lethal to the E. coli (Carbonetti and Sparling, 
Proc. Natl Acad. Sci. USA £4:9084-9088 (1987)). In additional studies, 
Carbonetti et al {Proc. Natl Acad Sci USA £5:6841-6845 (1988)) did show that 
alterations in the gonococcal porin gene could be made in this system in E. coli 
and then reintroduced into gonococci. However, the ease with which one can 
make these manipulations and obtain enough porin protein for further 
biochemical and biophysical characterization seems limited. 

Feavers et al have described a method to amplify, by PCR, neisserial 
porin genes from a wide variety of sources using two synthesized 
oligonucleotides to common domains at the 5' and 3' ends of the porin genes 
respectively (Feavers, I.M., et al, Infect. Immun. (50:3620-3629 (1992)). The 
oligonucleotides were constructed such that the amplified DNA could be forced 
cloned into plasmids using the restriction endonucleases BglW and Xho\. 

Using the Feavers et al PCR system, the DNA sequence of the mature 
PorB protein from meningococcal strain 8765 serotype 15 was amplified and 
ligated into the BamHl-Xho\ site of the T7 expression plasmid pET-17b. This 
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placed the mature PorB protein sequence in frame directly behind the T7 
promoter and 20 amino acids of the 4>10 protein including the leader sequence. 
Upon addition of IPTG to a culture of E. coli containing this plasmid, large 
amounts of PorB protein accumulated within the bacteria. A complete 
explanation for why this construction was non-lethal to the E. coli and expressed 
large amount of the porin protein, await further studies. However, one possible 
hypothesis is that by replacing the neisseria! promoter and signal sequence with 
that of the T7 and (J) 10 respectively, the porin product was directed to the 
cytoplasm rather than toward the outer membrane. Henning and co-workers have 
reported that when E. coli OmpA protein and its fragments are expressed, those 
products which are found in the cytoplasm are less toxic than those directed 
toward the periplasmic space (Klose, M., et al , J. Biol Chem. 263: 1 329 1 - 1 3296 
(1988); Klose, M. t et al, J. Biol. Chem, 263:13297-13302 (1988); FreudK R., 
et al, J. Mol Biol 205:771-775 (1989)). Whatever the explanation, once the 
PorB protein was expressed, it was easily isolated, purified and appeared to 
reform into trimers much like the native porin. The results of the inhibition 
EL1SA data using human immune sera suggests that the PorB protein obtained 
in this fashion regains most if not all of the antigenic characteristics of the wild 
type PorB protein purified from meningococci. This expression system lends 
itself to the easy manipulation of the neisseria! porin gene by modern molecular 
techniques. In addition, this system allows one to obtain large quantities of pure 
porin protein for characterization. In addition, the present expression system 
allows the genes from numerous strains of Neisseria, both gonococci and 
meningococci, to be examined and characterized in a similar manner. 

The Neisseria meningitidis outer membrane class 3 protein from 
serogroup B (MB3) was also expressed in the methylotrophic yeast Pichia 
pastoris by placing the MB3 DNA fragment under the control of the strong P. 
pastoris alcohol oxidase promoter AOXL Upon induction on methanol, strains 
of P. pastoris transformed with the recombinant plasmids produced either a 
native or a fusion MB3 protein, which were reactive with mouse polyclonal 



WO 97/28273 A A PCT/US97/01687 



-23- 



antibodies raised against the wild type counterpart. In shaking flask cultures, 
engineered P. pastoris yielded about 1-3 mg of expressed protein per gram of 
pelleted wet cells, or 100-600 mg per liter, which corresponded to 10-1 5% of the 
yeast cell suspension or about 3-5% of total cellular proteins (Table 4). Full- 
length MB3 DNA was cloned into each of four Pichia Expression Vectors 
developed by Invitrogen. To obtain the expression of monomeric, full size 34 
kDa MB3 protein, the intracellular pHIL-D2 vector was used. A map of the 
pHIL-D2 vector may be found on p. 19 of the Invitrogen Instruction Manual for 
the Pichia Expression Kit, Version E, the contents of which is hereby 
incorporated by reference. This construct provided maximal expression levels 
(up to 3 mg of MB 3 per gram of cells) (Tables 3 and 4 ). The expressed product 
was not secreted, being mainly (95%) insoluble, and it was tightly associated with 
cell membranes. 

To further increase the possibility for the secretion of expressed MB3, 
three other vectors with different secretion signals were also used: the vector 
pHIL-S 1 , which carries a native Pichia pastoris signal sequence from the acid 
phosphatase gene, PHOl, and the vectors pPIC9 and pPIC9K, which carry the 
secretion signal from the S. cerevisiae a-mating factor prepro-peptide. Maps of 
the pHIL-Sl and pPIC9 vectors may be found on pp. 21-22 of the Invitrogen 
Instruction Manual for the Pichia Expression Kit, Version E. It was found that 
the pHIL-Sl/MB3 construct provided the expression of a MB3- PHOl fusion 
polypeptide with an apparent molecular weight of 36.5 kDa. which was partly 
processed to generate mature 34 kDa MB3. About 5-10% of expressed MB3 was 
secreted to the yeast growth medium, and about 40-50% of the 36.5 kDa fusion 
polypeptide was cleaved (Table 4). Pichia recombinants transformed by 
pP!C9/MB3 or pPIC9K/MB3 constructs expressed only MB 3 fused with a-factor, 
yielding a fusion polypeptide of approximately 45 kDa. There was no evidence 
of any cleavage or processing of that fusion protein. 

Preliminary studies on the isolation and purification of recombinant MB3 
(pHIL-D2/MB3 containing transformants) suggest that when expressed in P. 
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pastoris, MB3 may form trimers under native conditions, and that the native 
protein is resistant to trypsin digestion. These results are similar to those which 
have been observed for the wild-type counterpart. 

-An increase in the yield of expressed MB3 may be obtained by using 
strains of Pichia which contain multiple copies of the MB3 expression cassette. 
Strains harboring multiple copies exist naturally within transformed cell 
populations at <1 0% frequency. These strains may be identified either by directly 
screening large numbers of transformants for levels of MB3 expression via SDS- 
PAGE or immunoblotting, or indirectly screening by "dot blot" hybridization to 
select for clones containing multiple copies of the MB3 gene (Cregg et ai % 
Bio/Technology //:905-910 (1993)). Alternatively, such multiple integrated 
clones may be constructed by using a new pA0815 vector (lnvitrogen), which 
allows cloning of multiple copies of the gene of interest via repeated cassette 
insertion steps {Ibid, at p. 907). Scale-up procedures using a fermenter will 
provide higher yeast cell densities and therefore improve the yields of the 
expressed proteins by at least 5-10 times. Optimization of protein expression 
(/.<?., growth media composition, buffering capacity, casamino acids 
supplementation, increase of methanol concentration, etc.) may be carried out 
with routine experimentation. 

Another way to identify Pichia transformants having multiple copies of 
MB3 takes advantage of the fact that the Pichia expression vector pPIC9K carries 
the kanamycin resistance gene which confers resistance to G418; in other 
respects, pPlC9K corresponds to pPIC9. Spontaneous generation of multiple 
insertion events can then be identified by the level of resistance to G41 8. Pichia 
transformants are selected on histidine-deficient medium and screened for their 
level of resistance to G41 8. An increased level of resistance to G41 8 indicates 
multiple copies of the kanamycin resistance gene. 

Thus, the present invention relates to a method of expressing an outer 
membrane meningococcal group B porin protein, in particular, the class 2 and 
class 3 porin proteins. 
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In one embodiment, the present invention relates to a method of 
expressing the outer membrane meningococcal group B porin protein in E. coli 
comprising: 

(a) transforming E. coli by a vector comprising a selectable marker 
and a gene coding for a protein selected from the group consisting 
of: 

(i) a mature porin protein, and 

(ii) a fusion protein comprising a mature porin protein fused to 
amino acids 1 to 20 or 22 of the T7 gene <}>] 0 capsid protein; 

wherein said gene is operably linked to the T7 promoter; 

(b) growing the transformed £. coli in a culture media containing a 
selection agent, and 

(c) inducing expression of said protein; 

wherein the protein so produced comprises more than about 2% of the total 
protein expressed in the E: coli. 

In a preferred embodiment, the meningococcal group B porin protein or 
fusion protein expressed comprises more than about 5% of the total proteins 
expressed in E. coli. In another preferred embodiment the meningococcal group 
B porin protein or fusion protein expressed comprises more than about 1 0% of 
the total proteins expressed in E. coli. In yet another preferred embodiment, the 
meningococcal group B porin protein or fusion protein expressed comprises more 
than about 30% of the total proteins expressed in E. coli. 

Examples of plasmids which contain the T7 inducible promotor include 
the expression plasmids pET-17b, pET-lla, pET-24a-d(+) and pET-9a, all of 
which are commercially available from Novagen (565 Science Drive, Madison, 
WI 5371 1 ). These plasmids comprise, in sequence, a T7 promoter, optionally a 
lac operator, a ribosome binding site, restriction sites to allow insertion of the 
structural gene and a T7 terminator sequence. See. the Novagen catalogue, pages 
36-43 (1993). 
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In a preferred embodiment, E. coli strain BL21 (DE3) Lamp A is 
employed. The above mentioned plasmids may be transformed into this strain or 
the wild-type strain BL21(DE3). £ coli strain BL21 (DE3) LompA is preferred 
as no OmpA protein is produced by this strain which might contaminate the 
purified porin protein and create undesirable immunogenic side effects. 

The transformed E. coli are grown in a medium containing a selection 
agent, e.g. any p-lactam to which E. coli is sensitive such as ampicillin. The pET 
expression vectors provide selectable markers which confer antibiotic resistance 
to the transformed organism. 

High level expression of meningococcal group B porin protein can be 
toxic in E. coli. Surprisingly, the present invention allows E. coli to express the 
protein to a level of at least almost 30% and as high as >50% of the total cellular 
proteins. 

In another embodiment, the present invention relates to a method of 
expressing an outer membrane meningococcal group B porin protein in yeast 
comprising: 

(a) ligating into a plasmid having a selectable marker a gene coding 
for a protein selected from the group consisting of : 

(i) a mature porin protein, and 

(ii) a fusion protein comprising a mature porin protein fused to 
a yeast secretion signal peptide; 

wherein said gene is operably linked to a yeast promoter; 

(b) , transforming the plasmid containing the gene into a yeast strain; 

(c) selecting the transformed yeast by growing said yeast in a culture 
medium allowing selection of said transformed yeast; 

(d) growing the transformed yeast, and 

(e) inducing expression of said protein to give yeast containing said 
protein. 

Transformation of the yeast host may be accomplished by any one of 
several techniques that are well known by those of ordinary skill in the art. These 
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techniques include direct or liposome-mediated transformation of yeast cells 
whose cell wall has been partially or completely destroyed to form spheroplasts, 
treatment of the host with alkali cations and PEG, and freeze-thawing combined 
with PEG treatment. (See Weber et al^Nonconventional Yeasts; Their Genetics 
and Biotechnological Applications, CRC Crit. Rev. Biote'chnoi 7: 281, 317 
(1988) and the references cited therein, all of which are hereby fully incorporated 
by reference.) 

In another preferred embodiment, the mature porin protein or fusion 
protein expressed comprises more than about 2% of the total protein expressed 
in the yeast host. In yet another preferred embodiment, the mature porin protein 
or fusion protein expressed comprises about 3-5% of the total protein expressed 
in the yeast host. 

In another preferred embodiment, the mature porin protein is the Neisseria 
meningitidis mature outer membrane class 3 protein from serogroup B. 

In another preferred embodiment, the present invention relates to 
performing the above method of expressing the outer membrane meningococcal 
group B porin protein or fusion protein in yeast, wherein said yeast is selected 
from the group consisting of: Saccharomyces cerevisiae, Schizosdccharomyces 
pombe, Saccharomyces uvarum, Saccharomyces carisbergensis, Saccharomyces 
diastaticus, Candida tropicalis, Candida maltosa. Candida parapsilosis. Pichia 
pastoris. Pichia farinosa, Pichia pinus. Pichia vanrijii, Pichia fermentans, Pichia 
guilliermondii, Pichia stipitis, Saccharomyces telluris, Candida Wilis. Candida 
guilliermondii Hansenula henricii, Hansenula capsulata, Hansenula 
polymorpha, Hansenula saturnus. Lypomyces kononenkoae, Kluyveromyces 
marxianus. Candida lipolytica. Saccaromycopsis fibuligera, Saccharomycodes 
Ivdwigii, Saccharomyces kluyveri, Treme/la mesenterial, Zygosaccharomyces 
acidofaciens, Zygosaccharomyces fermentafi s Yarrowia lipolytica. and 
Zygosaccharomyces soja. Many of these yeast hosts are available from the 
American Type Culture Collection. Rockville, Md. 
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In another preferred embodiment, the nucleotide sequence of the gene 
encoding the mature poriri protein or fusion protein incorporates codons which 
are optimized for yeast codon usage. In yet another preferred embodiment, the 
nucleotide sequence of the gene encoding the mature porin protein which has 
been optimized for yeast codon usage is the nucleotide sequence SEQ ID NO: 26. 

In another preferred embodiment, the yeast secretion signal peptide is 
selected from the group consisting of the secretion signal of the S. cerevisiae a- 
mating factor prepro-peptide and the secretion signal of the P. panaris acid 
phosphatase gene. 

In another preferred embodiment, the yeast secretes the protein or fusion 

protein. 

In another preferred embodiment, the yeast promoter to which the gene 
is operably linked is selected from a group consisting of the AOX1 promoter, 
the GAPDH promoter, the PH05 promoter, the glyceraldehyde~3-phosphate 
dehydrogenase (TDH3) promoter, the ADHI promoter, the MFal promoter, and 
the GAL 10 promoter. Examples of plasmids which contain the AOX1 promoter 
include the expression plasmids pHIL-D2, pHIL-S 1 , pP!C9, and pPlC9K. These 
plasmids comprise, in sequence, an AOX1 promoter, restriction sites to allow 
insertion of the structural gene, an AOX1 transcription termination fragment, an 
open reading frame encoding HIS4 (histidinol dehydrogenase), an ampicillin 
resistance gene, and a ColEl origin. In addition, plasmids pPIC9 and pPIC9K 
comprise the a-factor secretion signal of S. cerevisiae. and plasmid pHIL-Sl 
comprises the PHOl secretion signal of P. pastoris, pPlC9K also includes the 
kanamycin resistance gene, which confers resistance to G418 in Pichiu. The 
level of G418 resistance in Pichia transformants can be used to identify cells 
which have undergone multiple insertion events. This occurs at a frequency of 
1-10%. An increased level of resistance lo G418 indicates the presence of 
multiple copies of the kanamycin resistance gene and of the gene of interest. See 
the Novagene catalogue, Version E, pp. 19-22 (1 995). 



WO 97/28273 




PCT/US97/01687 



-29- 



ln another preferred embodiment, yeast host strains having a mutation in 
a suitable marker gene which causes the strain to have specific nutritional 
requirements are employed. Expression plasmids carrying a functional copy of 
the mutated gene as well as a copy of the meningococcal group B porin protein 
or fusion protein are then transformed into the yeast host strain, and transformants 
are selected on the basis of their ability to grow on medium lacking the required 
nutrient. Examples of suitable marker genes, followed by their S cerevisioe 
notation, include the genes encoding imidazole glycerol phosphate 
dehydrogenase (HIS3), beta-isopropylmalate dehydrogenase (LEU2\ tryptophan 
synthase (TRP5\ argininosuccinate lyase (ARG4). A'-CS'-phosphorilosyl) 
anthranilate isomerase {TRP1\ histidinol dehydrogenase (HIS4\ orotidine-5- 
phosphate decarboxylase (URA3), dihydroorotate dehydrogenase (URA1), 
galactokinase (GAU), and alpha-aminodipate reductase (LYS2). After 
transformed yeast host cells are selected on the basis of their ability to grow in 
medium lacking the appropriate nutrient, the cells are screened for integration of 
the meningococcal group B porin protein or fusion protein at the correct loci. 
This screening is performed by methods well known to those of ordinary skill in 
the art, for example, by selecting for transformants which grow slowly on 
medium which lacks the nutrient used to confirm transformation and includes 
methanol in order to induce expression of the outer membrane meningococcal 
group B porin protein or fusion protein from the AOX1 promoter. These 
transformants are then grown up in glycerol-containing medium, and expression 
of the meningococcal group B porin protein or fusion protein is then induced by 
the addition of methanol. 

In a more preferred embodiment. P. pastoris host strains GS 1 1 5 or KM7 1 
are employed. These strains have a mutation in the histidinol dehydrogenase 
gene (his4) which prevents them from synthesizing histidine. The expression 
plasmids pHIL-D2, pHIL-Sl, pPIC9, and pPIC9K carry the HJS4 gene which 
complements his4 in the host, allowing selection of transformants on histidine- 
deficient medium. After transformed P. pastoris host cells are selected in 
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histidine-deficient medium, the cells are screened for integration of the 
meningococcal group B porin protein or fusion protein at the correct loci by 
selecting for transformants which grow slowly on his*, methanol* plates. These 
transformants, which become mutated at the AOX1 locus when the MBS gene 
inserts into the host genome, arc only capable of slow growth on methanol, as 
they are metabolizing methanol with the less efficient A 0X2 gene product. The 
transformants are then grown up in glycerol-containing medium, and expression 
of the meningococcal group B porin protein or fusion protein is then induced by 
the addition of methanol. 

In a most preferred embodiment, the present invention relates to 
performing the above method of expressing the outer membrane meningococcal 
group B porin protein in yeast, wherein said yeast is Pichia pasiaris. 

In another preferred embodiment, the present invention relates to a 
vaccine for inducing an immune response in an animal comprising the outer 
membrane meningococcal group B porin protein or fusion protein thereof, 
produced according to the above-described methods, together with a 
pharmaceutical^ acceptable diluent, carrier, or excipienL wherein the vaccine 
may be administered in an amount effective to elicit an immune response in an 
animal to Neisseria meningitidis. In a preferred embodiment, the animal is 
selected from the group consisting of humans, cattle, pigs, sheep, and chickens. 
In another preferred embodiment, the animal is a human. 

In another preferred embodiment, the present invention relates to the 
above-described vaccine, wherein said outer membrane meningococcal group B 
porin protein or fusion protein thereof is conjugated to a meningococcal group B 
capsular polysaccharide (CP). Such capsular polysaccharides may be prepared 
as described in Ashton, F.E. et aL, Microbial Pathog. 6:455-458 (1989); 
Jennings, HJ. et aL, J. Immunol. J 34:265] (1985); Jennings: H.J. et aL, J. 
Immunol. 757:1708-1713 (1986); Jennings, H.J. et aL, J. Immunol. 7^2:3585- 
3591 (1989); Jennings, H.J., "Capsular Polysaccharides as Vaccine Candidates," 
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in Current Topics in Microbiology and Immunology, J 50: 105- 107 (1990); the 
contents of each of which are fully incorporated by reference herein. 

The invention also relates to a vaccine capable of simultaneously inducing 
an immune response against any one of several N. meningitidis serogroups. Thus, 
in another preferred embodiment, the invention relates to a trivalent vaccine 
comprising the capsular polysaccharides from each of three different serogroups 
of M meningitidis. Specifically, the vaccine of the invention comprises group A 
meningococcal polysaccharide (GAMP), group B meningococcal polysaccharide 
(GBMP), and group C meningococcal polysaccharide (GCMP) antigens, together 
with a pharmaceutical^ acceptable carrier. 

In a preferred embodiment, group A meningococcal polysaccharide 
(GAMP), group B meningococcal polysaccharide (GBMP), and group C 
meningococcal polysaccharide (GCMP) antigens are each conjugated to a protein 
carrier, thus yielding GAMP, GCMP and GBMP polysaccharide antigen 
conjugates. 

Of course, it will be understood by those of ordinary skill that a number 
of carrier proteins will be suitable to be used in the polysaccharide-protein 
conjugates included in the vaccine of the invention. A suitable carrier protein 
will be one which is safe for administration to mammals, and which is 
immunologically effective as a carrier. Safety includes absence of primary 
toxicity and minimal risk of allergic complications. 

In general, any heterologous protein could serve as a carrier antigen. The 
protein may be, for example, native toxin or detoxified toxin (also termed toxoid). 
In addition, genetically altered proteins which are antigenically similar to toxins 
and yet non-toxic may be produced by mutational techniques well-known to those 
of skill in the art. Such an altered toxin is termed a "cross reacting material." or 
CRM. CRM I97 is noteworthy, because it differs from native diphtheria toxin at 
only one amino acid residue, and is immunologically indistinguishable from the 
native toxin (Anderson, P.W., Infect, lmmun. 59:233-238 (1983)). 



WO 97/28273 




PCT/US97/01687 



It will be understood by those of skill in the art that the polysaccharide- 
protein carrier conjugates of the vaccine may be produced by several different 
methods. The types of covalent bonds which couple a polysaccharide to a protein 
carrier, and the means of producing them, are well known to those of skill in the 
art. Details concerning the chemical means by which the two moieties can be 
linked may be found in U.S. Patent No. 5.371.197, and 4,902.506, the contents 
of which are herein incorporated by reference in their entirety. One such method 
is the reductive amination process described in Schwartz and Gray (Arch. 
Biochim. Biophys. 757:542-549 (1977)). This process involves reacting the 
reducing capsular polysaccharide fragment and bacterial toxin or toxoid in the 
presence of cyanoborohydride ions, or another reducing agent. Such a process 
will not adversely affect the toxin or toxoid or the capsular polysaccharide (U.S. 
Patent No. 4,902,506). Such a conjugation process is also described in Examples 
12-14, below. 

While tetanus and diphtheria toxins are the prime candidates for carrier 
proteins, owing to their history of safety, there may be overwhelming reasons, 
well, known to those of ordinary skill in the art. to use another protein. For 
example, another protein may be more effective' as a earner, or production 
economics may be significant. Other candidates include toxins or toxoids of 
pseudomonas, staphylococcus, streptococcus, pertussis and entertoxigenic 
bacteria, including Escherichia coli. A preferred carrier protein to which the 
group B meningococcal polysaccharide may be conjugated is the class 3 porin 
protein (PorB) of group B N. meningitidis. A preferred protein carrier protein 
to which GAMP antigen and GCMP antigen may be conjugated is tetanus 
toxoid. 

It is known in the art that the immunogenicity of GBMP is limited in 
humans, and especially in infant humans, and that direct covalent couplings of the 
group B polysaccharide to tetanus toxoid yielded a conjugate which failed to 
induce a significant polysaccharide-specific response in either rabbits (Jennings, 
H.J. and Lugowski, C, J. Immunol. 727:101 1-1018 (1981)) or mice (Jennings. 
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HJ. et aL, J. Immunol. 737:1708-1713 (1986)). This failure prompted interest in 
the direct chemical modification of the group B polysaccharide. This was done 
with the idea of creating synthetic epitopes capable of modulating the immune 
response in such a way as to produce enhanced levels of .cross-reactive B 
polysaccharide-specific antibodies (Jennings, HJ. et aL, J. Immunol 737:1708- 
1713 (1986)). 

It will be understood by those of ordinary skill in the art that in selecting 
possible chemical modifications of the group B polysaccharide (Jennings, H.J. et 
aL J. Immunol. 737:1708-1713 (1986)), two factors should be considered. First, 
the chemical modification should be able to be accomplished with facility and 
with the minimum of degradation of the polysaccharide. Second, in order to 
produce cross-reactive B polysaccharide-specific antibodies, the antigenicity of, 
the modified polysaccharide to B polysaccharide-specific antibodies should be 
preserved. It will be understood by those of skill in the art that the ideal chemical 
modification of group B polysaccharide will retain both the carboxyiate and the 
N-carbonyl groups (Jennings, H.J. et aL, J. Immunol 737:1708-1713 (1986)). 
The most preferred modification which satisfies the above criteria is a 
modification wherein the N-acetyl groups of the sialic acid residues of the B 
polysaccharide are removed by strong base and replaced by N-propionyl groups 
(see Examples 6 and 1 4). 

In a more preferred embodiment, the N-propionylated GBMP is 
subsequently conjugated to a carrier protein. While any carrier protein which 
enhances the immunogenicity of N-propionylated GBMP may be used, a 
preferred protein carrier is the class 3 outer membrane protein of group B N. 
meningitidis (MB3, or PorB). 

Thus, in still another preferred embodiment, GBMP antigen is conjugated 
to PorB after having been N-propionylated. 

Preferably, the capsular polysaccharide (CP), which may be group A, B 
or C meningococcal polysaccharide, is isolated, according to Frasch, C.E., 
"Production and Control of Neisseria meningitidis Vaccines" in Bacterial 
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Vaccines, Alan R. Liss, Inc., pages 123-145 (1990), the contents of which are 
fully incorporated by reference herein, as follows: 

Grow organisms in modified Franz medium 10 to 20 hrs 

1 Heat kill, 55 °C, lOmin 
Remove inactivated cells by centrifugation 

1 Add Cetavlon to 0. 1% 
Precipitate CP from culture broth 

I Add calcium chloride to 1 M 
Dissolve CP then centrifuge to remove cellular debris 

J Add ethyl alcohol to 25% 
Remove precipitated nucleic acids by centrifugation 
J Add ethyl alcohol to 80% 
. Precipitate crude CP and remove alcohol 

The crude CP is then further purified by gel filtration chromatography 
after partial depolymerization with dilute acid, e.g. acetic acid, formic acid, and 
trifluoroacetic acid (0.01-0.5 N), to give a mixture of polysaccharides having an 
average molecular weight of 10,000-20,000. Where the CP is GBMP, purified 
GBMP is then N-deacetylated with NaOH in the presence of sodium borohydride 
and N-propionylated to afford N-Pr GBMP. Thus, the CP that may be employed 
in the conjugate vaccines of the present invention may be CP fragments, N- 
deacylated CP and fragments thereof as well as N-Pr CP and fragments thereof 
so long as they induce active immunity when employed as part of a CP-porin 
protein conjugate (see Examples 6 and 14). 

In a further preferred embodiment, the present invention relates to a 
method of preparing a polysaccharide conjugate comprising: obtaining the 
above-described outer membrane meningococcal group B porin protein or fusion 
protein thereof; obtaining a CP from a Neisseria meningitidis organism; and 
conjugating the protein to the CP. 
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The conjugates of the invention may be formed by reacting the reducing 
end groups of the CP to primary amino groups of the porin by reductive 
amination. The reducing groups may be formed by selective hydrolysis or 
specific oxidative cleavage, or a combination of both. Preferably, the CP is 
conjugated to the porin protein by the method of Jennings el al, U.S. Patent No. 
4,356 5 170, the contents of which are fully incorporated by reference herein, which 
involves controlled oxidation of the CP with periodate followed by reductive 
amination with the porin protein. 

The vaccine of the present invention comprises the meningococcal group 
B porin protein, fusion protein or conjugate vaccine, or the trivalent GAMP. 
GBMP and GCMP vaccine, in an amount effective depending on the route of 
administration. Although subcutaneous or intramuscular routes of administration 
are preferred, the meningococcal group B porin protein, fusion protein or vaccine 
of the present invention can also be administered by an intraperitoneal or 
intravenous route. One skilled in the art will appreciate that the amounts to be 
administered for any particular treatment protocol can be readily determined 
without undue experimentation. Suitable amounts might be expected to fall 
within the range of 2 micrograms of the protein per kg body weight to 100 
micrograms per kg body weight. 

Thus, in a preferred embodiment, the vaccine comprises about 2 jag of the 
GAMP, GCMP and GBMP polysaccharide antigen conjugates. 

In another preferred embodiment, the vaccine comprises about 5 jig of the 
GAMP, GCMP and GBMP polysaccharide antigen conjugates. 

In yet another referred embodiment, the vaccine comprises about 2 jig of 
the GAMP and GCMP polysaccharide antigen conjugates, and about 5 jag of the 
GBMP polysaccharide antigen conjugate. 

The vaccine of the present invention may be employed in such forms as . 
capsules, liquid solutions, suspensions or elixirs for oral administration, or sterile 
liquid forms such as solutions or suspensions. Any inert carrier is preferably 
used, such as saline, phosphate-buffered saline, or any such carrier in which the 



WO 97/28273 




PCTAJS97/01687 



meningococcal group B porin protein, fusion protein or conjugate vaccine have 
suitable solubility properties. The vaccines may be in the form of single dose 
preparations or in multi-dose flasks which can be used for mass vaccination 
programs. Reference is made to Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, PA, Osol (cd.) (1980); and New Trends and 
Developments in Vaccines, Voller et ai (eds.), University Park Press, Baltimore, 
MD (1978), for methods of preparing and using vaccines. 

The vaccines of the present invention may further comprise adjuvants 
which enhance production of porin-specific antibodies. Such adjuvants include, 
but are not limited to, various oil formulations such as Freund's complete 
adjuvant (CFA), stearyl tyrosine (ST, see U.S. Patent No. 4,258,029), the 
dipeptide known as MDP, saponin, aluminum hydroxide, and lymphatic cytokine. 

Freund's adjuvant is an emulsion of mineral oil and water which is mixed 
with the immunogenic substance. Although Freund's adjuvant is powerful, it is 
usually not administered to humans. Instead, the adjuvant alum (aluminum 
hydroxide) or ST may be used for administration to a human. The meningococcal 
group B porin protein or a conjugate vaccine thereof may be absorbed onto the 
aluminum hydroxide from which it is slowly released after injection. The 
meningococcal group B porin protein or group A, B and C meningococcal 
polysaccharide conjugate vaccine may also be encapsulated within liposomes 
according to Fullerton, U.S. Patent No. 4,235,877. 

In another preferred embodiment, the present invention relates to a 
method of inducing an immune response in an animal comprising administering 
to the animal the vaccine of the invention, produced according to methods 
described, in an amount effective to induce an immune response. 

In a further embodiment, the invention relates to a method of purifying 
the above-described outer membrane meningococcal group B porin protein or 
fusion protein comprising: lysing the transformed £. coli to release the 
meningococcal group B porin protein or fusion protein as pail of insoluble 
inclusion bodies; washing the inclusion bodies with a buffer to remove 
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contaminating £. coli cellular proteins; resuspending and dissolving the inclusion 
bodies in an aqueous solution of a denaturant; diluting the resultant solution in 
a detergent; and purifying the solubilized meningococcal group B porin protein 
by gel filtration. 

The lysing step may be carried out according to any method known to 
those of ordinary skill in the art, e.g. by sonication, enzyme digestion, osmotic 
shock, or by passing through a mull press. 

The inclusion bodies may be washed with any buffer which is capable of 
solubilizing the E. coli cellular proteins without solubilizing the inclusion bodies 
comprising the meningococcal group B porin protein. Such buffers include but 
are not limited to TEN buffer (50 mM Tris HC1, 1 mM EDTA. 100mMNaCl,pH 
8.0), Tricine, Bicine and HEPES. 

Denaturants which may be used in the practice of the invention include 
2 to 8 M urea or about 2 to 6 M guanidine HC1, more preferably, 4 to 8 M urea 
or about 4 to 6 M guanidine HC1, and most preferably, about 8 M urea or about 
6 M guanidine HC1. 

Examples of detergents which can be used to dilute the solubilized 
meningococcal group B porin protein include, but are not limited to, ionic 
detergents such as SDS and cetavlon (Calbiochem); non-ionic detergents such as 
Tween, Triton X, Brij 35 and octy] glucoside; and zwitterionic detergents such 
as 3,14-Zwittergent, empigen BB and Champs. 

Finally, the solubilized outer membrane meningococcal group B porin 
protein may be purified by gel filtration to separate the high and low molecular 
weight materials. Types of filtration gels include but are not limited to 
Sephacryl-300, Sepharose CL-6B, and Bio-Gel A- 1.5m. The column is eluted 
with the buffer used to dilute the solubilized protein. The fractions containing the 
porin or fusion thereof may then be identified by gel electrophoresis, the fractions 
pooled, dialyzed, and concentrated. 
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Finally, substantially pure (>95%) porin protein and fusion protein may 
be obtained by passing the concentrated fractions through a Q scpharose high 
performance column. 

In another embodiment, the present invention relates to expression of the 
meningococcal group B porin protein gene which is part of a vector which 
comprises the T7 promoter, which is inducible. If a promoter is an inducible 
promoter, then the rate of transcription increases in response to an inducing agent. 
The T7 promoter is inducible by the addition of isopropyl P-D- 
thiogalactopyranoside (IPTG) to the culture medium. Alternatively, the Tac 
promotor or heat shock promotor may be employed. Preferably, the 
meningococcal group B porin protein gene is expressed from the pET-17 
expression vector or the pET-1 1 a expression vector, both of which contain the T7 
promoter. 

The cloning of the meningococcal group B porin protein gene or fusion 
gene into an expression vector may be carried out in accordance with 
conventional techniques, including blunt-ended or stagger-ended termini for 
ligation, restriction enzyme digestion to provide appropriate termini, filling in of 
cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable 
joining, and ligation with appropriate ligases. Reference is made to Sarnbrook 
et aL, Molecular Cloning: A Laboratory Manual* 2nd ed.. Cold Spring Harbor, 
New York, Cold Spring Harbor Laboratory Press (1989), for general methods of 
cloning. 

The meningococcal group B porin protein and fusion protein expressed 
according to the present invention must be properly refolded in order to achieve 
a structure which is immunologically characteristic of the native protein. In yet 
another embodiment, the present invention relates to a method of refolding the 
above-described outer membrane protein and fusion protein comprising: lysing 
the transformed cells to release the meningococcal group B porin protein or 
fusion protein as part of insoluble inclusion bodies; washing the inclusion bodies 
with a buffer to remove contaminating cellular proteins: resuspending and 
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dissolving the inclusion bodies in an aqueous solution of a denaturant; diluting 
the resultant solution in a detergent; and purifying the solubilized meningococcal 
group B porin protein or fusion protein by gel filtration to give the refolded 
protein in the eluant. Surprisingly, it has been discovered that the folded trimeric 
meningococcal group B class 2 and class 3 porin proteins and fusion proteins are 
obtained directly in the eluant from the gel filtration column. 

In another preferred embodiment, the present invention relates to a 
substantially pure refolded outer membrane meningococcal group B porin protein 
and fusion protein produced according to the above-described methods. A 
substantially pure protein is a protein that is generally lacking in other cellular 
Neisseria meningitidis components as evidenced by, for example, electrophoresis. 
Such substantially pure proteins have a purity of >95%, as measured by 
densitometry on an electrophoretic gel after staining with Coomassie blue or 
silver stains. 

The following examples are illustrative, but not limiting, of the method 
and compositions of the present invention. Other suitable modifications and 
adaptations of the variety of conditions and parameters normally encountered in 
this art which are obvious to those skilled in the art are within the spirit and scope 
of the present invention. 

Examples 

Example 1. Cloning of the Class 3 Porin Protein from Group B 
Neisseria meningitidis 

Materials and Methods 

Organisms: The Group B Neisseria meningitidis strain 8765 (B: 15:P1 ,3) 
was obtained from Dr. Wendell Zollinger (Walter Reed Army Institute for 
Research) and grown on agar media previously described (Swanson, J.L., Infect. 
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Immun. 27:292-302 (1978)) in a candle extinction jar in an incubator maintained 
at 30 D C Escherichia coli strains DME558 (from the collection of S. Benson; 
Silhavy, T.J. et a/., "Experiments with Gene Fusions," Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y., 1984). BRE51 (Bremer, E. ct ai t FEMS 
Microbiol Lett. 55:173-178 (1986)) and BL21(DE3) were grown on LB agar 
plates at 37°C. 

PI Transduction: A Pl v/r lysate of E. coli strain DME558 was used to 
transduce a tetracycline resistance marker to strain BRE51 (Bremer, E., et al, 
FEMS Microbiol. Lett 55: 173-1 78 (1 986)) in which the entire ompA gene had 
been deleted (Silhavy, T.J., et ai, Experiments with Gene Fusions, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY (1984)). Strain DME558, 
containing the tetracycline resistance marker in close proximity of the ompA 
gene, was grown in LB medium until it reached a density of approximately 0.6 
OD at 600 nm. One tenth of a milliliter of 0.5 M CaCl 2 was added to the 10 ml 
culture and 0.1 ml of a solution containing 1 x 10 9 PFU of Pl Wr The culture was 
incubated for 3 hours at 37 °C. After this time, the bacterial cell density was 
visibly reduced. 0.5 ml of chloroform was added and the phage culture stored at 
4°C. Because typically 1-2% of the E. coli chromosome can be packaged in each 
phage, the number of phage generated covers the entire bacterial host 
chromosome, including the tetracycline resistance marker close to the ompA 
gene. 

Next, strain BRE51, which lacks the ompA gene, was grown in LB 
medium overnight at 37 °C. The overnight culture was diluted 1 :50 into fresh LB 
and grown for 2 hr. The cells were removed by centrifugation and resuspended 
in MC salts. 0.1 ml of the bacterial cells were mixed with 0.05 of the phage 
lysate described above and incubated for 20 min. at room temperature. 
Thereafter, an equal volume of 1 M sodium citrate was added and the bacterial 
cells were plated out onto LB plates containing 12.5 ug/ml of tetracycline. The 
plates were incubated overnight at 37°C. Tetracycline resistant (12 ug/ml) 
transductants were screened for lack of OmpA protein expression by SDS-P AGE 
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and Western Blot analysis, as described below. The bacteria resistant to the 
antibiotic have the tetracycline resistance gene integrated into the chromosome 
very near where the ompA gene had been deleted from this strain. One particular 
strain was designated BRE-T*. 

A second round of phage production was then carried out with the strain 
BRE-T R , using the same method as described above. Representatives of this 
phage population contain both the tetracycline resistance gene and the OmpA 
deletion. These phage were then collected and stored. These phage were then 
used to infect £. coli BL21(DE3). After infection, the bacteria contain the 
tetracycline resistance marker. In addition, there is a high probability that the 
OmpA deletion was selected on the LB plates containing tetracycline. 

Colonies of bacteria which grew on the plates were grown up separately 
in LB medium and tested for the presence of the OmpA protein. Of those 
colonies selected for examination, all lacked the OmpA protein as judged by 
antibody reactivity on SDS-PAGE western blots. 

SDS-PAGE and Western Blot: The SDS-PAGE was a variation of 
Laemmli's method (Laemmli, U.K., Nature 227:680-685 (1970)) as described 
previously (Blake and Gotschlich, 1 Exp. Med. 759:452-462 (1984)). 
Electrophoretic transfer to Immobilon P (Millipore Corp. Bedford, MA) was 
performed according to the methods of Towbin et al (Towbin. II.. el ai % Proc. 
Natl Acad Sci USA 76:4350-4354 (1979)) with the exception that the paper was 
first wetted in methanol. The Western blots were probed with phosphatase 
conjugated reagents (Blake, M.S., et al. y Anafyt. Biochem. 136:\ 75-1 79 (1984)). 

Polymerase Chain Reaction: The method described by Feavers et ai 
(Feavers, I.M., et al, Infect. Immun. 60:3620-3629 (1992)) was used to amplify 
the gene encoding the PorB. The primers selected were primers 33 (GGG GTA 
GAT CTG CAG GTT ACC TTG TAC GGT ACA ATT AAA GCA GGC GT) 
and 34 (GGG GGG GTG ACC CTC GAG TTA GAA TTT GTG ACG CAG 
ACC AAC) as previously described (Feavers, I.M., et al s Infect. Immun. 
60:3620-3629 (1992)). Briefly, the reaction components were as follows: 
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Meningococcal strain 8765 chromosomal DNA (100 ng/jil), ] 5 1 and 3' 
primers (1 jiM) 2 ^1 each; dNTP (10 mM stocks), 4 nl each; 10 X PCR reaction 
buffer (100 mM Tris HC1, 500 mM KC1, pH 8.3), 10 ^l; 25 mM MgCI 2 , 6 M l; 
double distilled H 2 0, 62 and Taq polymerase (Cetus Corp., 5 u/jil), 1 jil. The 
reaction was carried out in a GTC-2 Genetic Thermocycler (Precision Inst. Inc, 
Chicago, IL) connected to a Lauda 4/K methanol/water cooling system 
(Brinkman Instruments, Inc., Westbury, NY) set at 0°C. The thermocycler was 
programmed to cycle 30 times through: 94°C, 2 min.; 40°C, 2 min.; and 72°C, 
3 min. At the end of these 30 cycles, the reaction was extended at 72°C for 3 min 
and finally held at 4°C until readied for analysis on a 1% agarose gel in TAE 
buffer as described by Maniatis (Maniatis. T., et al % Molecular Cloning, A 
Laboratory Manual Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 
(1982)). 

Subcloning of the PCR product: The pET-17b plasmid (Novagen, Inc.) 
was used for subcloning and was prepared by double digesting the plasmid with 
the restriction endonucleases BamU\ and Xhol (New England Biolabs, Inc., 
Beverly, MA). The digested ends were then dephosphorylated with calf intestinal 
alkaline phosphatase (Boehringer Mannheim, Indianapolis, IN). The digested 
plasmid was then analyzed on a 1% agarose gel. the cut plasmid removed, and 
purified using the GeneClean kit (Bio 101 , La Jolla, CA). The PCR product was 
prepared by extraction with phenol-chloroform, chloroform, and finally purified 
using the GeneClean Kit (Biol 01). The PCR product was digested with 
restriction endonucleases BglU and Xho\ (New England Biolabs, Inc.). The 
DNA was then extracted with phenol-chloroform, precipitated by adding 0. 1 
volumes of 3 M sodium acetate, 5 \i\ glycogen (20 jig/pl). and 2.5 volumes of 
ethanol. After washing the DNA with 70% ethanol (vol/vol), it was redissolved 
in TE buffer. The digested PCR product was ligated to the double digested pET- 
17b plasmid described above using the standard T4 ligase procedure at 16°C 
overnight (Current Protocols in Molecular Biology, John Wiley & Sons, New 
York (1993)). The ligation product was then transformed into the BL21 (DE3)- 
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AompA described above which were made competent by the method of Chung 
etal (Chung, C.T., etai, Proc, Natl Acad. Sci. USA 5(5:2172-2175 (1989)). The 
transformants were selected on LB plates containing 50 jig/ml carbenicillin and 
12|ig/ml tetracycline. Several transformants were selected, cultured in LB both 
containing carbenicillin and tetracycline for 6 hours at 30 °C. and plasmid gene 
expression inducted by the addition of IPTG. The temperature was raised to 
37°C and the cultures continued for an additional 2 hrs. The cells of each culture 
were collected by centrifugation, whole cell lysates prepared, and analyzed by 
SDS-PAGE and Western Blot using a monoclonal antibody (4D1 1 ) which reacts 
with all neisserial porins. 

Nucleotide Sequence Analysis: The nucleotide sequences of the cloned 
Class 3 porin gene DNA were determined by the dideoxy method using denatured 
double-stranded plasmid DNA as the template as described {Current Protocols 
in Molecular Biology, John Wiley & Sons, New York (1993)). Sequenase II kits 
(United States Biochemical Corp., Cleveland. OH) were used in accordance with 
the manufacturer's instructions. The three synthesized oligonucleotide primers 
(Operon Technologies, Inc., Alameda, CA) were used for these reactions. One 
for the 5' end, which consisted of 5TCAAGCTTGGTACCGAGCTC and two 
for the 3' end, 5 TTTGTTAGCAGCCGG ATCTG and 5' 
CTCAAGACCCGTTTAGAGGCC Overlapping, nested deletions were made 
by linearizing the plasmid DNA by restriction endonuclease Bpu\ 1021 and the 
ends blunted by the addition of Thio-dNTP and Klenow polymerase {Current 
Protocols in Molecular Biology, John Wiley & Sons, New York (1993)). The 
linearized plasmid was then cleaved with restriction endonuclease A7?oI and the 
exoII/Mung bean nuclease deletion kit used to make 3' deletions of the plasmid 
(Stratagene. Inc., La Jolla, CA) as instructed by the supplier. A map of this 
strategy is shown in Figure 1 . 

Expression and purification of the PorB gene product: Using a sterile 
micropipette tip, a single colony of the BL21 (DE3)-Aom/?A containing the PorB- 
pET-17b plasmid was selected and inoculated into 10 ml of LB broth containing 
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50 jig/ml carbenicillin. The culture was incubated overnight at 30 °C while 
shaking. The 10 ml overnight culture was then sterilely added to 1 liter of LB 
broth with the same concentration of carbenicillin, and the culture continued in 
a shaking incubator at 37°C until the OD^ reached 0.6-1 .0, Three mis of a stock 
solution of IPTG (100 mM) was added to the culture and the culture incubated for 
an additional 30 min. Rifampicin was then added (5.88 ml of a stock solution; 
34 mg/ml in methanol) and the culture continued for an additional 2 hrs. The 
cells were harvested by centrifugation at 10,000 rpm in a GS3 rotor for 10 min 
and weighed. The cells were thoroughly resuspended in 3 ml of TEN buffer (50 
mM Tris HC1, 1 mM Tris HC1, 1 mM EDTA, 100 mM NaCl, pH 8.0) per gram 
wet weight of cells. To this was added 8 ^1 of PMSF stock solution (50 mM in 
anhydrous ethanol) and 80 jil of a lysozyme stock solution (10 mg/ml in water) 
per gram wet weight of cells. This mixture was stirred at room temperature for 
20 min. While stirring, 4 mg per gram wet weight of cells of deoxycholate was 
added. The mixture was placed in a 37°C water bath and stirred with a glass rod. 
When the mixture became viscous, 20 nl of DNase 1 stock solution (I mg/ml) 
was added per gram weight wet cells. The mixture was then removed from the 
water bath and left at room temperature until the solution was no longer viscous. 
The mixture was then centrifuged at 15,000 rpm in a SS-34 rotor for 20 min at 
4°C. The pellet was retained and thoroughly washed twice with TEN buffer. 
The pellet was then resuspended in freshly prepared TEN buffer containing 0.1 
mM PMSF and 8 M urea and sonicated in a bath sonicator (Heat Systems, Inc., 
Plain view, NY). The protein concentration was determined using a BCA kit 
(Pierce, Rockville, IL) and the protein concentration adjusted to less than 10 
mg/ml using the TEN-urea buffer. The sample was then diluted 1:1 with 10% 
(weight/vol) Zwittergent 3,14 (Calbiochem, La Jolla, CA), sonicated, and loaded 
onto a Sephacryl S-300 molecular sieve column. The Sephacryl S-300 column 
(2.5 cm x 200 cm) had previously equilibrated with 100 mM Tris HC1. 200 mM 
NaCl, 10 mM EDTA, 0.05% Zwittergent 3.14, and 0.02% azide. pH 8.0. The 
column flow rate was adjusted to 8 ml/hr and 10 ml fractions were collected. The 
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OD 2Jl0 of each fraction was measured and SDS-PAGE analysis performed on 
protein containing fractions. 

Inhibition EL1SA Assays: Microtiter plates (Nunc-Immuno Plate IIF, 
Nunc, Inc., Naperville, IL) were sensitized by adding 0.1 ml per well of porB (2 
Hg/ml) purified from the wild type strain 8765, in 0.1 M carbonate buffer, pH 9.6 
with 0.02% azide. The plates were incubated overnight at room temperature. 
The plates were washed five times with 0.9% NaCl, 0.05% Brij 35, 10 mM 
sodium acetate pH 7.0, 0.02% a2ide. Human immune sera raised against the 
Type 15 Class 3 PorB protein was obtained from Dr. Phillip O. Livingston, 
Memorial-Sloan Kettering Cancer Center, New York, N. Y. The human immune 
sera was diluted in PBS with 0.5% Brij 35 and added to the plate and incubated 
for 2 hr at room temperature. The plates were again washed as before and the 
secondary antibody, alkaline phosphatase conjugated goat anti-human IgG (Tago 
Inc., Burlingame, CA), was diluted in PBS-Brij, added to the plates and incubated 
for 1 hr at room temperature. The plates were washed as before and 
/7-nitropheny! phosphate (Sigma Phosphatase Substrate 104) (1 mg/ml) in 0.1 
diethanolamine, 1 mM MgCl 2 , 0.1 mM ZnCU, 0.02% azide, pH 9.8, was added. 
The plates were incubated at 37°C for 1 h and the absorbance at 405 nm 
determined using an Elida-5 microtiter plate reader (Physica. New York. NY). 
Control wells lacked either the primary and/or secondary antibody. This was 
done to obtain a titer for each human serum which would give a half-maximal 
reading in the ELISA assay. This titer for each human serum would be used in 
the inhibition ELISA. The ELISA microtiter plate would be sensitized with 
purified wild type PorB protein and washed as before. In a separate V-96 
polypropylene microtiter plate (Nunc, Inc.). varying amounts of either purified 
wild type PorB protein or the purified recombinant PorB protein were added in 
a total volume of 75 jil. The human sera were diluted in PBS-Brij solution to 
twice their half maximal titer and 75 added to each of the wells containing the 
PorB or recombinant PorB proteins. This plate, was incubated for 2 hr at room 
temperature and centrifuged in a Sorvall RT6000 refrigerated centrifuge, 
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equipped with microtitcr plate carriers (Wilmington, DE) at 3000 rpm for 10 min. 
Avoiding the V-bottom, 100 [x\ from each well was removed and transferred to 
the sensitized and washed ELISA microtiter plate. The ELISA plates are 
incubated for an additional 2 hr, washed, and the conjugated second antibody 
added as before. The plate is then processed and read as described. The 
percentage of inhibition is then processed and read as described. The percentage 
of inhibition is calculated as follows: 

1 - (ELISA value with either PorB or rPorB protein added) 

— — £1 x 100 

{ELISA value without the porB added) 



Results 

Polymerase Chain Reaction and Subcloning: A method to easily clone, 
10 genetically manipulate, and eventually obtain enough pure porin protein from any 

number of different neisserial porin genes for further antigenic and biophysical 
characterization has been developed. The first step toward this goal was cloning 
the porin gene from a Neisseria. Using a technique originally described by 
Feavers, et al (Feavers, I.M., et aU Infect. Immun. 60:3620-3629 (1992)), the 
15 DNA sequence of the mature porin protein from a class 3, serotype 1 5 porin was 

amplified using the chromosome of meningococcal strain 8765 as a template for 
the PCR reaction. Appropriate endonuclease restriction sites had been 
synthesized onto the ends of the oligonucleotide primers, such that when cleaved, 
the amplified mature porin sequence could be directly ligated and cloned into the 
20 chosen expression plasmid. After 30 cycles, the PCR products shown in Figure 

2 were obtained. The major product migrated between 900bp and lOOObp which 
was in accord with the previous study (Feavers, I.M., el ul. y Infect. Immun. 
(50:3620-3629 (1992)). However, a higher molecular weight product was not 
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seen, even though the PCR was conducted under low annealing stringencies 
(40°C;50mMKCl). 

To be able to produce large amounts of the cloned porin protein, the 
tightly controlled expression system of Studier, el al (Studier and Moffatt J. 
Mol Biol. 759:1 13-130 (1986)) was employed, which is commercially available 
through Novagen Inc. The amplified PCR product was cloned into the BamHl- 
Xhol site of plasmid pET-17b. This strategy places the DNA sequence for the 
mature porin protein in frame directly behind the T7 promoter, the DNA sequence 
encoding for the 9 amino acid leader sequence and 1 1 amino acids of the mature 
4>10 protein. The Studier E. coli strain BL21 lysogenic for the DE3 lambda 
derivative (Studier and Moffatt, J. Mol Biol 189: 1 13-130 (1986)) was selected 
as the expression host for the pET-1 7b plasmid containing the porin gene. But 
because it was thought that the OmpA protein, originating from the £. coli 
expression host, might tend to co-purify with the expressed meningococcal porin 
protein, a modification of this strain was made by PI transduction which 
eliminated the ompA gene from this strain. Thus, after restriction endonuclease 
digestion of both the PCR product and the pET-17b vector and ligation, the 
product was transformed into BL21(DE3)-Aom/?A and transformants selected for 
ampicillin and tetracycline resistance. The restriction map of pET-17b is shown 
in Figure 1 1 A, while the nucleotide sequence between the and ATwI sites of 
pET-17b is shown in Figure 11 B. Of the numerous colonies observed on the 
selection plate, 10 were picked for further characterization. All ten expressed 
large amounts of a protein, which migrated at the approximate molecular weight 
of the PorB protein, when grown to log phase and induced with IPTG. The whole 
cell lysate of one such culture is shown in Figure 3a. The western blot analysis 
with the 4D11 monoclonal antibody further suggested that the protein being 
expressed was the PorB protein (Figure 3b). As opposed to other studies, when 
neisserial porins have been cloned and expressed in E. coli, the host bacterial cells 
showed no signs of any toxic or lethal effects even after the addition of the IPTG. 



WO 97/28273 




PCT/US97/01687 



The £ coli cells appeared viable and could be recultured at any time throughout 
the expression phase. 

Nucleotide sequence analysis: The amount of PorB expressed in these 
experiments was significantly greater than that previously observed and there 
appeared to be no adverse effects of this expression on the host £ coli. To be 
certain that no PCR artifacts had been introduced into the meningococcal porin 
gene to allow for such high expression, the entire 4>1 0 porin fusion was 
sequenced by double stranded primer extension from the plasmid. The results are 
shown in Figure 4. The nucleotide sequence was identical with another 
meningococcal serotype 15 PorB gene sequence previously reported by Heckels, 
et al (Ward, M.J., et aL FEMS Microbiol. Leu. 73:283-289 (1992)) with two 
exceptions which are shown. These two nucleotide differences each occur in the 
third position of the codon and would not alter the amino acid sequence of the 
expressed protein. Thus, from the nucleotide sequence, there did not appear to 
be any PCR artifact or mutation which might account for the high protein 
expression and lack of toxicity within the £ coli. Furthermore, this data would 
suggest that a true PorB protein was being produced. 

Purification of the expressed porB gene product: The PorB protein 
expressed in the £ coli was insoluble in TEN buffer which suggested that when 
expressed, the PorB protein formed into inclusion bodies. However, washing of 
the insoluble PorB protein with TEN buffer removed most of the contaminating 
£ coli proteins. The PorB protein could then be solubilized in freshly prepared 
8M urea and diluted into the Zwittergenl 3 J 4 detergent. The final purification 
was accomplished, using a Sephacryl S-300 molecular sieve column which not 
only removed the urea but also the remaining contaminating proteins. The 
majority of the PorB protein eluied from the column having the apparent 
molecular weight of trimers much like the wild type PorB. The comparative 
elution patterns of both the wild type and the PorB expressed in the £ coli are 
shown in Figure 5. It is important to note that when the PorB protein 
concentration in the 8 M urea was in excess of 10 mg/ml prior to dilution into the 
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Zwittergent detergent, the relative amounts of PorB protein found as trimers 
decreased and appeared as aggregates eluting at the void volume. However, at 
protein concentrations below 10 mg/ml in the urea buffer, the majority of the 
PorB eluted in the exact same fraction as did the wild type PorB. It was also 
determined using a T7-Tag monoclonal antibody and western blot analysis that 
the 1 1 amino acids of the mature T7 capsid protein were retained as the amino 
terminus. The total yield of the meningococcal porin protein from one liter of 
E. coli was approximately 50 mg. 

Inhibition ELISA Assays. In order to determine if the purified trimeric 
recombinant PorB had a similar antigenic conformation as compared to the PorB 
produced in the wild type meningococcal strain 8765, the sera from six patients 
which had been vaccinated with the wild type meningococcal Type 1 5 PorB 
protein were used in inhibition ELISA assays. In the inhibition assay, antibodies 
reactive to the native PorB were competitively inhibited with various amounts of 
either the purified recombinant PorB or the homologous purified wild type PorB. 
The results of the inhibition with the homologous purified PorB of each of the six 
human sera and the mean inhibition of these sera are shown in Figure 6. The 
corresponding inhibition of these sera with the purified recombinant PorB is seen 
in Figure 6B. A comparison of the mean inhibition from Figure 6 and 7 are 
plotted in Figure 8. These data would suggest that the antibodies contained in the 
sera of these six patients found similar epitopes on both the homologous purified 
wild type PorB and the purified recombinant PorB. This gave further evidence 
that the recombinant PorB had regained most if not all of the native conformation 
found in the wild type PorB, 
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Example 2. Cloning of the Class 2 Porin from Group B 
Neisseria Meningitidis strain BNCV M986 

Genomic DNA was isolated from approximately 0.5g of Group B 
Neisseria meningitidis strain BNCV M986 (serotype 2a) using previously 
described methods (Sambrook et al> Molecular Cloning: A Laboratory Manual t 
2nd ed., Cold Spring Harbor, New York, Cold Spring Harbor Laboratory Press 
(1989)). This DNA then served as the template for two class 2 porin specific 
oligonucleotides in a standard PCR reaction. These oligonucleotides were 
designed to be complementary to the 5' and 3' flanking regions of the class 2 
porin and to contain EcoRl restriction sites to facilitate the cloning of the 
fragment. The sequences of the oligonucleotides were as follows: 
5' AGC GGC TTG GAA TTC CCG GCT GGC TTA A AT TTC 3' and 
5' CAA ACG AAT GAA TTC AAA TAA AAA AGC CTG 3'. 
The polymerase chain reaction was then utilized to obtain the class 2 porin. The 
reaction conditions were as follows: BNCV M986 genomic DNA 200ng, the two 
oligonucleotide primers described above at 1 |iM of each, 200 jjM of each dNTP, 
PCR reaction buffer (10 mM Tris HC1, 50 mM KCI, pH 8.3), 1 .5 mM MgCk and 
2.5 units of Tacj polymerase, made up to 100 p-il with distilled H : 0. This reaction 
mixture was then subjected to 25 cycles of 95°C for 1 min. 50°C for 2 min and 
72 °C for 1.5 min. At the end of the cycling period, the reaction mixture was 
loaded on a 1% agarose gel and the material was electrophoresed for 2h after 
which the band at 1.3 kb was removed and the DNA recovered using the Gene 
Clean kit (Bio 101). This DNA was then digested with EcoRl. repurified and 
ligated to EcoRl digested pUCl 9 using T A DNA ligase. The ligation mixture was 
used to transform competent E. coli DH5a. Recombinant plasmids were selected 
and sequenced. The insert was found to have a DNA sequence consistent with 
that of a class 2 porin. See, Murakami, K. et ai, Infect, lmmun. 57:231 8-2323 
(1989). 
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The plasmid pET-1 7b (Novagen) was used to express the class 2 porin. 
As described below, two plasmids were constructed that yielded two different 
proteins. One plasmid was designed to produce a mature class 2 porin while the 
other was designed to yield a class 2 porin fused to 20 amino acids from the T7 
gene <j>l 0 capsid protein. 

Construction of the mature class 2 porin 

The mature class 2 porin was constructed by amplifying the pUCl 9-class 
2 porin construct using the oligonucleotides: 5'-CCT GTT GCA GCA CAT ATG 
GAC GTT ACC TTG TAC GGT ACA ATT AAA GC-3' and 5 '-CGA CAG 
GCT ITT TCT CGA GAC CAA TCT TTT CAG -3'. This strategy allowed the 
cloning of the amplified class 2 porin into the AWel and Xho\ sites of the plasmid 
pET-17b thus producing a mature class 2 porin. Standard PCR was conducted 
using the pUCl 9-class 2 as the template and the two oligonucleotides described 
above. This PCR reaction yielded a l.lkb product when analyzed on a 1.0% 
agarose gel. The DNA obtained from the PCR reaction was gel purified and 
digested with the restriction enzymes AWel and Xhol The 1 . 1 kb DNA produced 
was again gel purified and ligated to AWel and A7?ol digested pET-1 7b using T., 
DNA iigase. This ligation mixture was then used to transform competent E. coli 
DH5a. Colonies that contained the 1 . 1 kb insert were chosen for further analysis. 
The DNA from the DH5cc clones was analyzed by restriction mapping and the 
cloning junctions of the chosen plasmids were sequenced. After this analysis, the 
DNA obtained from the DH5a clones was used to transform £ coli BL2 1 (DE3)- 
LompA. The transformanls were selected to LB-agar containing 100 |ag/ml of 
carbenicillin. Several transformants were screened for their ability to make the 
class 2 porin protein. This was done by growing the clones in LB liquid medium 
containing 100 ^ig/ml of carbenicillin and 0.4% glucose at 30°C to OD WK , = 0.6 
then inducing the cultures with IPTG (0.4 mM). The cells were then disrupted 
and the cell extract was analyzed by SDS-PAGE. The nucleotide sequence and 
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translated amino acid sequence of the mature class II porin gene cloned into pET- 
1 7b are shown in Figures 9 A and 9B. 

Construction of the fusion class 2 porin 

The fusion class 2 porin was constructed by amplifying the pUC19-class 
2 porin construct using the oligonucleotides: 5'-CCT GTT GCA GCG GAT CCA 
GAC GTT ACC TTG TAC GGT ACA ATY AAA GC- 3' and 5'-CGA CAG 
GCT TTT TCT CGA GAC CAA TCT TTT CAG -3'. This strategy allowed the 
cloning of the amplified class 2 porin into the BamHl and Xhol sites of the 
plasmid pET-1 7b thus producing a fusion class 2 porin containing an additional 
22 amino acids at the N-terminus derived from the T7 (J>10 capsid protein 
contained in the plasmid. Standard PCR was conducted using the pUCl9-class 
2 as the template and the two oligonucleotides described above. The PCR 
reaction yielded a 1 . 1 kb product when analyzed on a 1 .0% agarose gel. The DNA 
obtained from the PCR reaction was gel purified and digested with the reaction 
enzymes BamWl and Xhol. The 1 .lkb product produced was again gel purified 
and ligated to BamHl and Xhol digested pET-1 7b using T A DNA ligase. This 
ligation mixture was then used to transform competent E. coli DH5a. Colonies 
that contained the 1 . 1 kb insert were chosen for further analysis. The DNA from 
the DH5cc clones was analyzed by restriction enzyme mapping and the cloning 
junctions of the chosen plasmids were sequenced. The nucleotide sequence and 
translated amino acid sequence of the fusion class II porin gene cloned into the 
expression plasmid pET-17b are shown in Figures 10A and 10B. After this 
analysis, the DNA obtained from the DH5a clones was used to transform E. coli 
BL2 1 (DE3yAompA. The transformants were selected on LB-agar containing 1 00 
|ig/ml of carbenicillin. Several transformants were screened for their ability to 
make the class 2 porin protein. This was done by growing the clones in LB liquid 
medium containing 100 jig/ml of carbenicillin and 0.4% glucose at 30°C to OD^, 
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= 0.6 then inducing ihe cultures with IPTG (0.4 mM). The cells were then 
disrupted and the cell extract was analyzed by SDS-PAGE. 

Example 3. Cloning and Expression of the Mature class 3 porin 
from Group B Neisseria meningitidis strain 8 765 in 
E. coli 

Genomic DNA was isolated from approximately 0.5 g of Group B 
Neisseria meningitidis strain 8765 using the method described above (Sambrook 
etai, Molecular Cloning: A Laboratory Manual 2nd ed.. Cold Spring Harbor, 
New York, Cold Spring Harbor Laboratory Press ( 1 989)). This DNA then served 
as the template for two class 3 porin specific oligonucleotides in a standard PCR 
reaction. 

The mature class 3 porin was constructed by amplifying the genomic 
DNA from 8765 using the oligonucleotides: 5'-GTTGCA GCA CATATG GAC 
GTT ACC CTG TAC GGC ACC-3' and 5'-GGG GGG ATG GAT CCA GAT 
TAG AAT TTG TGG CGC AGA CCG ACA CC-3'. This strategy allowed the 
cloning of the amplified class 3 porin into the Ndel and BamHl sites of the 
plasmid pET-24a+ (Figures 1 3 A and 1 3B), thus producing a mature class 3 porin. 
Standard PCR was conducted using the genomic DNA isolated from 8765 as the 
template and the two oligonucleotides described above. 

The reaction conditions were as follows: 8765 genomic DNA 200 ng, the 
two oligonucleotide primers described above at 1 nM of each, 200 jiM of each 
dNTP, PCR reaction buffer (10 mM Tris HCK 50 mM KG, pH 8.3), 1.5 mM 
MgCl 2 , and 2.5 units of Taq polymerase, and made up to 1 00 \x\ with distilled 
water. This reaction mixture was then subjected to 25 cycles of 95 °C for 1 min. 
50°C for 2 min and 72 °C for 1.5 min. 

This PCR reaction yielded about 930 bp of product, as analyzed on a 1% 
agarose gel. The DNA obtained from the PCR reaction was gel purified and 
digested with the restriction enzymes Ndel and BamHl The 930 bp product was 
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again gel purified and ligated to Ndel and Bamtil digested pET-24a(+) using T4 
ligasc. This ligation mixture was then used to transform competent £ coli DH5a. 
Colonies that contained the 930 bp insert were chosen for further analysis. The 
DNA from the E. coli DH5a clones was analyzed by restriction enzyme mapping 
and cloning junctions of the chosen plasmids were sequenced. After this analysis, 
the DNA obtained from the E. coli DH5a clones was used to transform E. coli 
BL21(DE3)-Ao/?7/7/4. The transformants were selected on LB-agar containing 50 
Hg/ml of kanamycin. Several transformants were screened for their ability to 
make the class 3 porin protein. This was done by growing the clones in LB liquid 
medium containing 50 ng/ml of kanamycin and 0.4% of glucose at 30 °C to OD m) 
= 0.6 then inducing the cultures with IPTG (1 mM). The cells were then 
disrupted and the cell extract was analyzed by SDS-PAGE. 

Example 4. Purification and refolding of recombinant class 2 
porin 

E coli strain BL21(DE3)Aom/?A [pNV-5] is grown to mid-log phase (OD 
= 0.6 at 600 nm) in Luria broth at 30°C. IPTG is then added (0.4 mM final) and 
the cells grown an additional two hours at 37°C. The cells were then harvested 
and washed with several volumes of TEN buffer (50 mM Tris-HCl. 0.2 M NaCl, 
10 mM EDTA, pH = 8.0) and the cell paste stored frozen at -75 °C. 

For purification preweighed cells are thawed and suspended in TEN 
buffer at a 1:15 ratio (g/v). The suspension is passed through a Stansted cell 
disrupter (Stansted fluid power Ltd.) twice at 8.000 psi. The resultant solution 
is then centrifuged at 1 3,000 rpm for 20 min and the supernatant discarded. The 
pellet is then twice suspended in TEN buffer containing 0.5% deoxycholate and 
the supernatants discarded. The pellet is then suspended in TEN buffer 
containing 8 M deionized urea (electrophoresis grade) and 0.1 mM PMSF (3 
g/lOml). The suspension is sonicated for 10 min or until an even suspension is 
achieved. 10 ml of a 10% aqueous solution of 3.14-zwittergen (Calbiochem) is 
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added and the solution thoroughly mixed. The solution is again sonicated for 10 
min. Any residual insoluble material is removed by centrifugation. The protein 
concentration is determined and the protein concentration adjusted to 2 mg/ml 
with 8 M urea- 10% zwittergen buffer (1:1 ratio). 

This mixture is then applied to a 2.6 x 1 00 cm column of Sephacry] S-300 
equilibrated in 100 mM Tris-HCl, 1 M NaCl, 10 mM EDTA, 20 mM CaCL 
0.05% 3,14-zwittergen, 0.02% sodium azide, pH = 8,0. The flow rate is 
maintained at 1 ml/min. Fractions of 10 ml are collected. The porin refolds into 
trimer during the gel filtration. The OD = 280 nm of each fraction is measured 
and those fractions containing protein are subjected to SDS gel electrophoresis 
assay for porin. Those fractions containing porin are pooled. The pooled 
fractions are either dialyzed or diluted 1 :10 in 50 mM Tris HCI pH = 8.0, 0.05% 
3,14-zwittergen, 5 mM EDTA, 0.1 M NaCI. The resulting solution is then 
applied to a 2.6 x 10 cm Q sepharose high performance column (Pharmacia) 
equilibrated in the same buffer. The porin is eluted with a linear gradient of 0.1 
to 1 M NaCI. 

Example 5. Purification and refolding of recombinant class 3 
porin 

E coli strain BL2 1 (DE3) AompA containing the porB-pET-1 7b plasmid 
is grown to mid-log phase (OD = 0:6 at 600 nm) in Luria broth at 30 °C. IPTG 
is then added (0.4 mM final) and the cells grown an additional two hours at 37°C. 
The cells were then harvested and washed with several volumes of TEN buffer 
(50 mM Tris-HCK 0.2 M Nad 10 mM EDTA, pH = 8.0) and the cell paste 
stored frozen at -75 °C. 

For purification about 3 grams of cells are thawed and suspended in 9 ml 
of TEN buffer. Lysozyme is added (Sigma, 0.25 mg/ml) deoxycholate (Sigma, 
1.3 mg/ml) plus PMSF (Sigma, jig/ml) and the mixture gently shaken for one 
hour at room temperature. During this time, the cells lyse and the released DNA 



WO 97/28273 




PCT/US97/01687 



causes the solution to become very viscous. DNase is then added (Sigma. 2 
Hg/ml) and the solution again mixed for one hour at room temperature. The 
mixture is then centrifuged at 15K rpm in a S-600 rotor for 30 minutes and the 
supernatant discarded. The pellet is then twice suspended in 10 ml of TEN buffer 
and the supernatants discarded. The pellet is then suspended in 1 0 ml of 8 M urea 
(Pierce) in TEN buffer. The mixture is gently stirred to break up any clumps. 
The suspension is sonicated for 20 minutes or until an even suspension is 
achieved. 10 ml of a 10% aqueous solution of 3,14-zwittergen (Calbiochem) is 
added and the solution thoroughly mixed. The solution is again sonicated for 10 
minutes. Any residual insoluble material is removed by centrifugation. The 
protein concentration is determined and the protein concentration adjusted to 2 
mg/ml with 8 M urea-10% zwittergen buffer (1 : 1 ratio). 

This mixture is then applied to a 1 80 x 2.5 cm column of Sephacry) S-300 
(Pharmacia) equilibrated in 100 mM Tris-HCL 1 M NaCL 1 0 mM EDTA, 20 mM 
CaCl 2 , 0.05% 3,14-zwittergen, pH = 8.0. The flow rate is maintained at 1 
ml/min. Fractions of 1 0 ml are collected. The porin refolds into trimer during the 
gel filtration. The OD 280 nm of each fraction is measured and those fractions 
containing protein are subjected to SDS gel electrophoresis assay for porin. 
Those fractions containing porin are pooled. 

The pooled fractions are dialyzed and concentrated 4-6 fold using Amicon 
concentrator with a PM 10 membrane against buffer containing 100 mM Tris- 
HC1, 0.1 M NaCl, 10 mM EDTA, 0.05% 3,14-zwittergen, pH = 8.0. 
Alternatively, the pooled fractions are precipitated with 80% ethanol and 
resuspended with the above-mentioned buffer. Six to 10 mg of the material is 
then applied to a monoQ 10/10 column (Pharmacia) equilibrated in the same 
buffer. The porin is eluted from a shallow 0.1 to 0.6 M NaCI gradient with a 
1 .2% increase per min over a 50 min period. The Flow rate is 1 ml/min. The 
peak containing porin is collected and dialyzed against TEN buffer and 0.05% 
3,14-zwittergen. The porin may be purified further by another S-300 
chromatography. 
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Example 6. Purification and chemical modification of the 
polysaccharides 

The capsular polysaccharide from both group B Neisseria meningitidis 
and £. coli Kl consists of a(2-8) polysialic acid (commonly referred to as 
GBMP or Kl polysaccharide). High molecular weight polysaccharide isolated 
from growth medium by precipitation {see, Frasch, C.E., "Production and Control 
of Neisseria meningitidis Vaccines" in Bacterial Vaccines, Alan R. Liss, Inc., 
pages 123-145 (1990)) was purified and chemically modified before being 
coupled to the porin protein. The high molecular weight polysaccharide was 
partially depolymerized with 0.1 M acetic acid (7 mg polysaccharide/ml), pH = 
6.0 to 6.5 (70°C, 3 hrs) to provide polysaccharide having an average molecular 
weight of 12,000-16,000. After purification by gel filtration column 
chromatography (Superdex 200 prep grade. Pharmacia), the polysaccharide was 
N-deacetylated in the presence of NaBH< and then N-propionylated as described 
by Jennings et al (J. Immunol. 7J7:1808 (1986)) to afford N-Pr GBMP (see 
Example 14). Treatment with NaI0 4 followed by gel filtration column 
purification gave the oxidized N-Pr GBMP having an average molecular weight 
of 12,000 daltons. 



Example 7. Coupling of oxidized N-Pr GBMP to the group B 
meningococcal class 3 porin protein (PP) 

The oxidized N-Pr GBMP (9.5 mg) was added to purified class 3 porin 
protein (3.4 mg) dissolved in 0.21 ml of 0.2 M phosphate buffer pH 7.5 which 
also contained 10% octyl glucoside. After the polysaccharide was dissolved, 
sodium cyanoborohydride (7 mg) was added and the reaction solution was 
incubated at 37°C for 4 days. The reaction mixture was diluted with 0.15 M 
sodium chloride solution containing 0.01% thimerosal and separated by gel 
filtration column chromatography using Superdex 200 PG. The conjugate (N-Pr 
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GBMP-PP) was obtained as single peak eluting near the void volume. Analysis 
of the conjugate solution for sialic acid and protein showed that the conjugate 
consists of 43% polysaccharide by weight. The porin protein was recovered in 
the conjugate in 44% yield and the polysaccharide in 12% yield. The protein 
recoveries in different experiments generally occur in the 50-80% range and those 
of the polysaccharide in the 9-13% range (see also Example 14). 

Example 8. Immunogenicity studies 

The immunogenicities of the N-Pr GBMP-PP conjugate and those of the 
N-Pr GBMP-Tetanus toxoid (N-Pr GBMP-TT) conjugate which was prepared by 
a similar coupling procedure were assayed in 4-6 week old outbrcad Swiss 
Webster CFW female mice. The polysaccharide (2 ng)-conjugate was 
administered on days 1, 14 and 28, and the sera collected on day 38. The 
conjugates were administered as saline solutions, adsorbed on aluminum 
hydroxide, or admixed with stearyl tyrosine. The sera EL1SA titers against the 
polysaccharide antigen and bactericidal titers against N. meningitidis group B are 
summarized in Table 1 . 

Example 9. Expression of group B Neisseria meningitidis Outer 
Membrane (MB3) Using Yeast Pichia pastoris 
Expression System 

Materials and Methods 

Strains and Plasmids 

Pichia pastoris GS 115 (provided by lnvitrogen) has a defect in the 
histidinol dehydrogenase gene (his4) which prevents it from synthesizing 
histidine. All expression plasmids carry the HIS4 gene which complements his4 
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in the host, so transformants are selected for their ability to grow on histidine- 
deficient medium. Until transformed, GS 1 1 5 will not grow on minimal medium 
alone. 

Expression vectors 

Four different expression vectors were used that include the strong, 
highly-inducible AOX1 promoter for expression of foreign protein (Pichia 
Expression Kit, Invitrogen). One vector, pHIL-D2, is used for intracellular 
expression, while the other three (pHIL-Sl, pPIC9, and pPIC9K) are used for 
secreted expression. Maps of the pHIL-D2, pHIL-SK and pP!C9 vectors may be 
found on pp. 19-22 of the Invitrogen Instruction Manual for the Pichia 
Expression Kit, Version E, the contents of which is hereby incorporated by 
reference. Secretion requires the presence of a signal sequence on the expressed 
protein to target it to the secretory pathway. To improve the chances for success, 
two different kinds of vectors are included in the kit. The vector pHIL-S 1 carries 
a native Pichia pastoris signal from the acid phosphatase gene. PHOl. The 
vectors, pPIC9 and pPIC9K (with corrected HIS4 region), both carry the secretion 
signal from the S. cerevisiae a-mating factor pre-pro peptide. The advantage of 
expressing secreted proteins is that P. pastoris secretes very low levels of native 
proteins. Thus, the secreted heterologous protein comprises the vast majority of 
the total protein in the media and serves as the first step in purification of the 
protein (Barr et aU Pharm. Eng 12(2) A%-5 1 ( 1 992)). 

Cloning of the meningococcal B class 3 protein gene (MBS) 

The genomic DNA of Group B Neisseria meningitidis (strain 8765) 
served as the template for the amplification of class 3 porin (MB3) in a standard 
PCR. The amplified DNA fragment (930 b.p. long) of the mature porin protein 
was ligated in Nde I - BamH I cloning sites of the pET-24a cloning/expression 
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vector, originally constructed by Studier et al, J- Mol Biol J 89: 113-130(1 986); 
Metk Enzymol 755:60-89(1990); 1 Mol Biol 219:37-44 (1991), and 
manufactured by Novagen. The pET vectors were developed for cloning and for 
expressing target DNA fragments under the strong T7 transcription and 
translation signals. Expression from the T7 promoter is induced by providing the 
host cell with a source of T7 RNA polymerase. Newer, more convenient vectors 
utilizing the T7 expression system are now available from Novagen (Madison, 
WI 5371 1). The T7 expression system was successfully used for the expression 
of MB3 in E. coli (see Example 3). 

The optimization of the translation elongation rate for the expressed MB 3 gene 

Codon usage is known to affect the translational elongation rate, and 
therefore it has been considered an important factor in affecting product yields 
(Romanos et al, Yeast 5:423-488 (1992)). There is evidence that codon usage 
may affect both yield and quality of the expressed protein. A number of highly 
expressed genes show a strong bias toward a subset of codons (Bennetzen et al, 
1 Biol Chem. 257:3026-3031 (1982). This "major codon bias," which can vary 
greatly between organisms, is thought to be a growth optimization strategy. This 
mechanism allows an organism to be capable of efficient translation of highly 
expressed genes during rapid growth, as only a subset of tRNAs and aminoacyl- 
tRNA synthetases need to be present in high concentrations. Kurland et aL s TIBS 
72:126-128 (1987). In cases where mRNA contains rare codons, aminoacyl- 
tRNAs may become limited, increasing the probability of amino acid 
misincorporations, and possibly causing ribosomes to drop off. Indeed, a high 
misincorporation frequency has recently been observed in a foreign protein 
produced in £ coli (Scorer el al s Nucleic Acids Res. 79:3511-3516 (1991)). 
Moreover, proteins containing amino acid misincorporations are difficult to 
purify and may have both impaired activity and antigenicity. The presence of 
several rare codons has been shown to limit the production of tetanus toxin 
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fragment C in £. coli (Makoff et aL Nucleic Acids Res. /7:)019M020] (1989)). 
In yeast, Hoekema et al. (Mol. Cell Biol 7: 2914-2924 (1987)) showed that 
substitution of a large proportion of preferred codons for rare codons in the 5' 
portion of the PGK (phosphoglycerate kinase) gene caused a decrease in 
expression levels. Recently, the expression of an immunoglobulin kappa chain 
in yeast has been shown to be increased 50-fold when a synthetic codon- 
optimized gene is used, although the level of kappa chain mRNA remains the 
same. 

Significant differences between codon usage profiles of Pichia and MB3 
were found (Table 5). In order to optimize the translation efficiency, particularly 
at the beginning of translation elongation, codons optimal for Pichia were 
introduced into the 5' region of the MB3 gene. When constructing the linker 
used to clone MB3 into pHIL-SK the oligomers were synthesized so that they 
contained sequence optimized for Pichia expression. A 51 nucleotide long 
oligomer (51-mer) was synthesized for this purpose. The sequence of the 
oligomer is: 

S'-TCGAGACGTCACTTTGTACGGTACTATTAAGGCTGGTGTTGAGA 
CTTCCCG-3* 

A 47 nucleotide oligomer complementary to the 51-mcr was also synthesized. 
The sequence of this oligomer is: 

S'-COGGAAGTCTCAACACCAGCCTTAATAGTACCGTACAAAGTGAC 
GTC-3' 

These two oligomers, which contain Xhol and Bsr\ restriction sites, were 
annealed to serve as a connector, and then ligated to vector pHIL-S 1 , which had 
been linearized with Xhol digestion. The ligated fragment was then digested with 
BamHl, gel purified, and ligated with an MB3 fragment obtained from cutting the 
pNV 15 vector with both Bsrl and BamH\ enzymes. The fragment was then 
cloned into the Pichia pHlL-SI expression vector. The new DNA sequence of 
the 5' region of MB3 was verified by DNA sequencing of pHIL-S 1/MB3 isolated 
from Pichia. 
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The sequence of the original 5' end of the gene for mature MB3 (from NT 

1) is: 

gac gtt acc ctg tac ggc acc att aaa gec ggc gta gaa act tec cgc tct gta ttt cac cag aac ggc 
DVTLYG TI K A G V E T S RSVFH Q N G 

5 caa gtt act gaa gtt aca 

0 V T E V T 

The codon-optimized sequence of the same fragment (replaced nucleotides 
showed as capital letters), along with its corresponding amino acid sequence is: 

gac gtC acT Ttg tac ggT acT att aaG gcT ggT gtT gaG act tec cgc tct gta ttt cac cag aac 
10 DVT LYG T I K A GV E TSRSVFHQN 

ggc caa gtt act gaa gtt aca 
G Q V T E V T 

Vector pHIL-S1/MB3, containing the codon-optimized MB3 DNA, 
served as the template for the amplification of MB3 in a standard PCR. 

15 Oligomers were synthesized to serve as PCR primers. The PCR fragments of 

MB3 were inserted into Pichia expression vectors either directly or by using the 
Original TA Cloning Kit (Invitrogen); details are given below. 

For the cloning of MB3 into the EcoRl site of pHIL-D2: 
Forward primer (39 nt. having an engineered EcoR\ site and a sequence (5'ATG) 

20 encoding an initiation methionine): 

5-CGAGAATTCATGGACGTCACTTTGTACGGTACTATTAAG-3' 
Reverse primer (45 nt, having an engineered EcoR\ site and slop codon): 
S'-GCTGAATTCTTAGAATTTGTGGCGCAGACCGACACCGCCGGCAG P-3' 



For the cloning of MB3 into the EcoRl-AvrU sites of pPIC9 and pPIC9: 
Forward primer (39 nucleotides (nt), having an engineered EcoRl site; no 
sequence encoding an initiation methionine was necessary because the leader 
peptide had an initiation methionine): 

S'-AGCGAATTCGACGTCACTTTGTACGGTACTATTAAGGCTO' 
Reverse primer (36 nt, having an engineered AvrU site and stop codon): 
S^CACCCTAGGTTAGAATTTGTGACGCAGACCGACACCO 1 

For PCR amplification of the complete MB3 gene, Vent® DNA 
polymerase (NEB) was used. The fidelity of this polymerase is 5- 1 5-fold higher 
than that observed for Taq DNA polymerase. To generate an expression cassette 
plasmid, PCR fragments of MB3 (full length and truncated fragments) were 
inserted in Pichia expression vectors either directly or using the Original TA 
Cloning® Kit (Invitrogen), which includes a pCR™II vector for subcloning of 
PCR fragments. Direct cloning of DNA amplified by either Vent® DNA 
polymerase or Pfu DNA polymerase into the vector pCR™II is difficult, as the 
cloning efficiency is often very low. This is due to the 3' to 5' exonuclease 
proofreading activity of Vent** and Pfu, which removes the 3' A overhangs that 
are necessary for TA cloning. leaving blunt ends. The Original TA Cloning 40 Kit 
allows these blunt-ended fragments to be cloned. Use of this method eliminates 
any enzymatic modifications of the PCR product, and does not require the use of 
PCR primers containing restriction sites. To increase the cloning efficiency 
further, the Invitrogen protocol was modified as follows. Following 
amplification with Vent* or Pfu (see manual for The Original TA Cloning* 5 Kit. 
protocol for the addition of 3' A-overhangs post amplification, p. 19), rather than 
placing the vial on ice, as recommended in the kit, the mineral oil in the PCR 
mixture was immediately removed using Parafilm™. This was accomplished by 
pouring the PCR mixture onto the Parafilm, and zigzagging the drop down the 
surface of the Parafilm with a gentle rocking motion until all of the oil had 
adhered to the Parafilm surface. The reaction mixture, now free of oiL was then 
collected into a fresh tube. The Invitrogen protocol was then resumed with the 
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addition of Taq polymerase. This method allowed the difficult cloning of PCR 
fragments into large expression vectors. 

The expression cassette of the integrating vector (Invitrogen) contains the 
methanol-induced AOX1 promoter and its terminator, flanked by stretches of 
nucleotides up- and downstream from the AOX 1 gene. The P. pasioris His4 gene 
served as an auxotrophic marker. These vectors do not contain a yeast ori t hence 
His* colonies must correspond to integration of the expression cassette. All PCR 
fragments of MB 3 were inserted in frame with a Pichia. Kozak consensus 
sequence (CAAAAAACAA) (Cavenor el al Nucleic Acids Res. 19:3 1 85-3 1 92 
(1991); Kozak Nucleic Acids Res. 75:8125-8148 (1987); Kozak Proc. Nail Acad. 
Sci. USA 57:8301-8305 (1990)) to provide the best translation initiation of the 
MB3 gene. All inserts were placed under the control of the AOX1 promoter to 
drive expression of the gene of interest. After the ligation of the MB3 fragment 
in an appropriate expression vector, chemically competent E. coli cells were 
transformed (TOP 10F') (F'{/?roAB, lacjl q . IctcZAMlS. Tn/0 (Tet R )} mcrA. 
A(mrr-/2jrfRMS-mcrBC), 4>80 /acZAM15. A/acX74, deoR, recA\, araD\39. 
k{ara-leu)1691, gaflJ, gafK t rpsL(Str R \ end A 1 , nupGk). Other strains which 
may be suitable are DH5a F\ JM 1 09, or any other strain that carries a selectable 
F' episome and is recA deficient (endA is preferable) (Pichia Expression Kit 
Instruction Manual, Invitrogen). Colonies with an MB3 insert were used for the 
preparation of CsCl purified maxi-prep of a plasmid DNA for Pichia 
transformation (Sambrook, J. er ai, Eds., Molecular Cloning: A Laboratory 
Manual. 2nd. Ed., Cold Spring Harbor Press ( 1 989), pp. 1 .42- 1 .43). Restriction 
analysis and DNA sequencing- (DNA Sequencing Kit. Version 2 (USB)) 
confirmed that these constructs were correct. 

Modification of the starting MB3 sequence was especially useful for 
intracellular expression of the porin gene (pHIL-D2/MB3 construct). Because the 
other constructs (pHIL-Sl/MB3 and pP!C9/MB3) used for MB3 secretion 
contained codons optimal for Pichia in the leader peptide sequence upstream of 
the MB3 insert, the initiation of translation was not rate-limiting. In contrast, the 
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pHIL-D2 vector does not include any leader sequence and the initiation of 
translation must be started from the rare codons of the MB3 insert. The 
optimization of this sequence is believed to be responsible for the fact that pHIL- 
D2/MB3 constructs gave the highest level of MB3 expression of any of the 
clones tested (Tables 3,4). 

Transformation of yeast cells and DNA analysis of integrants 

Plasmid DNA was linearized with single or double (for higher integration 
efficiencies) digestion, and P. pastoris strain GS1 1 5 (his4*) was transformed to 
the His 4 phenotype by the spheroplast method using Zymolyase followed by 
adsorption of transforming DNA and penetration of this DNA through the 
spheroplast pores into the Pichia cells in the presence of PEG and Ca* 2 (Pichia 
Expression Kit manual, Invitrogen, pp.33-38). By replica plating or patching on 
Minimal Dextrose (MD: 1.34% yeast nitrogen base (YNB - Difco), 4xl0* 5 % 
biotin, 2% dextrose) versus Minimal Methanol (MM: 1.34% YNB, 4x1 0 5 % 
biotin, 0.5% methanol), it was possible to determine which His" transformants 
also exhibited disruption of the AOXI gene. Transformed spheroplasts were 
seeded on agarose-containing plates using selective growth medium without 
histidine (MD). At the end of 4-6 days, white separated colonies of yeast 
transformants had appeared. These colonies were picked up and were seeded on 
selective methanol-containing medium (MM) for screening of AOXI -disrupted 
(Mut s or Muf ) transformants {Pichia Expression Kit manual, Invitrogen, p. 60). 

Growth of the yeast and methanol induction 

Because recombination events can occur in many different ways which 
affect the level of protein expression (clonal variation), at least 16 verified 
recombinant clones were screened to determine the level of MB3 expression. 
These colonies were grown in 5 ml of glycerol-containing Buffered Glycerol- 
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complex Medium (BMGY: 1% yeast extract, 2% peptone, 100 mM potassium 
phosphate, pH 6.0, 1.34% YNB, 4xl0" 5 % biotin, 1.0% glycerol) {Pichia 
Expression Kit manual, Invitrogen, p. 61) at 30°C in 50 ml 2098 Bluemax tubes 
(Falcon) in an Innova incubator shaker (New Brunswick Sci.) ("pilot" 
expression). After 1-2 days when cultures had reached an OD600 = 5-10, the 
cells were harvested by centrifugation (4000 rpm for 10 minutes at room 
temperature) and were resuspended in methanol-containing Buffered Mcthanol- 
complex Medium (BMMY: 1% yeast extract, 2% peptone, 100 mM potassium 
phosphate, pH 6.0, 1.34% YNB, 4xl0* 5 % biotin, 0.5% methanol) (Pichia 
Expression Kit manual, Invitrogen, p. 61) for the induction of the AOX1 
promoter. To replenish exhausted methanol, 0.5% of fresh methanol was added 
each day to induced cells. Aliquots of the cells were collected every day for 6 
days by centrifugation, and stored (pellets and supernatants separately) at -70°C 
before examining. The most promising clones were examined for the 
optimization of protein expression and to scale-up the expression protocol to 
produce more protein. 

Lysis of P. pastoris cells, analysis by SDS-PAGE and Western blot analysis 

Cells were broken by agitation in breaking buffer (50 mM sodium 
phosphate, pH 7.4; 1 mM PMSF(phenylmethylsulfonyl fluoride), 1 mM EDTA 
and 5% glycerol). Equal volumes of acid-washed glass beads (0.5 mm in 
diameter) were added. The mixture was vortexed for a total of 4 min, 30 sec 
mixing each, followed by 30 sec on ice. The soluble fraction was recovered by 
centrifugation for 10 min at 14000 rpm at 4°C\ Supernatant (or cell lysate, or 
fraction of "soluble" proteins) was removed and stored at -70°C, and the residual 
cell pellet was extracted by vortexing with SDS sample buffer (1% SDS, 5% 
beta-mercaptoethanol, 10% glycerol, 10 mM EDTA, 0.025% bromophenol blue) 
followed by boiling for 10 min. Lysaies were centrifuged again and the aqueous 
layer was examined as fraction of "insoluble" or membrane associated proteins. 
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NOVEX pre-cast 8-16% gradient gels were used for separation of proteins 
according to the procedure of Laemmli (Nature 227:680-685 (1970)). Proteins 
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) were stained with Coomassie Brilliant Blue R250, or were 
transferred to polyvinylidene difluoride (PVDF) membrane using a Transblott 
apparatus (BioRad Laboratories) according to the company specification. 

The Western blot procedure was carried out without detergents, using 
only blocking procedures, as described by Sheng and Schuster (Bio Technique 
75:704-708 (1992)) with some modifications. This method provides high 
specificity and sensitivity with a low background. For the transfer, both Western 
transfer membrane and the SDS-PAGE separating gel were equilibrated with 
transfer buffer (24mM Tris-HCl/192 mM glycine/ 20% methanol) for 20 minutes 
prior to elcctrotransfer. The transfer was performed at 90V and 4°C for 3-4 
hours. Transfer of proteins to PVDF membranes was monitored by the transfer 
of prestained molecular weight markers (BRL). 

Immunostaining of proteins was carried out as follows. The transfer 
membrane was rinsed with TBS (lOmM Tris-HCl/.09% NaCl, pH 7.2). The 
membrane was then incubated in 1% non fat dried milk PBS solution (M-PBS) 
with .02% sodium azide at 37°C for 3 hours (or at 4°C overnight). The 
membrane was then washed 3 times with TBS/0.5% BSA (BSA/TBS) and once 
with TBS. The membrane was then incubated with the primary mouse anti-MB3 
antibody (mouse polyclonal antisera against purified OMP class 3) diluted to 
about 1 :4000 in PBS/1%BSA (BSA/PBS). and the membrane was again washed 
3 times with TBS/0.5% BSA (BSA/TBS) and once with TBS. The membrane 
was then incubated in 1% M-PBS at room temperature for 30 minutes with gentle 
shaking. The membrane was washed 3 times with TBS/0.5% BSA (BSA/TBS) 
and once with TBS. The membrane was then incubated in the secondary alkaline 
phosphatase-conjugated anti-mouse antibody (Kirkegaard & Perry Laboratory 
(KPL), Gaithersburg, MD) diluted 1 :4000 in 1 % BS A/PBS. The membrane was 
then washed 2 times with 0.5% BSA/TBS and 3 limes with .25% Tween 20 in 
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PBS. These washing steps differed from those recommended by Sheng and 
Schuster; the improved protocol provided less background than did the wash 
steps of the reference, which utilized 6 washes in 0.5% BSA/PBS. The 
membrane was then incubated in alkaline phosphatase buffer (0.05% M Tris-HCl. 
pH 9.5; 10 mM MgCl 2 ), followed by incubation in BCIP/NBT substrate solution 
(KPL). The development was stopped by washing the membrane in PBS/50 mM 
EDTA. The limit of detection was about 2-5 ng of native MBS protein. 

Results and discussion 

The strategy used to insert the cDNA encoding the mature MB3 into 
expression vectors and the steps using this construct for the transformation of P. 
pastoris are outlined below. First, the MB3 gene is cloned into one of the 4 
Pichia expression vectors. In the next step, the resulting construct is linearized 
by digestion with Notl or fig /II, and his4 Pichia spheroplasts are transformed 
with the linearized construct. In the following step, a recombination event 
occurs in vivo between the 5' and YAOX1 sequences in the vector and in the 
genome, resulting in replacement of the AOX1 gene with the MB3 gene. Next, 
the Pichia transformants are selected on histidine-deficient medium, on which 
only cells that have undergone gene replacement can grow. The one-step gene 
replacement method described for S. cerevisiae (Rothstein, Meth. Enzymol. 
707:202-21 1 (1983)) was successfully used by Cregg et al (Biological Research 
on Industrial Yeast, Vol. IL Stewart et aL ec/.v .CRC Press. Boca Raton, pp. 1-1 8 
(1987)) for the replacement of the P. pastoris AOXI structural gene. 
Transformation of GS1 1 5 with 10 fig of linearized expression vectors (pH!L-D2, 
pHIL-Sl, pP!C9 ? and pPIC9K) with MB3 insert gave more than 100 colonies in 
each experiment. Thus, the procedure yielded >10- His" colonies per //g DNA, 
which is comparable to that reported for the best results of P. pastoris 
transformations. These transformants have the ability to grow on histidine- 
deficient medium (MD-minimal dextrose), and so arc His . About 10-40% of 
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these recombinants were "methanol slow" (Mut* - "methanol utilization slow"), 
i.e., demonstrated impaired growth on media such as MM (minimal methanol), 
which contains methanol as the sole carbon and energy source. These HisVMuf 
transformants are a result of the replacement of the AOX1 structural gene with 
the MB3 expression cassette containing the His' gene via a double crossover 
event. Recombination events may also occur as integration or insertion (single 
crossover events) of the expression cassette into the 5' or 3' AOX1 region, which 
leaves the AOX1 gene intact. Among the HisVMut* clones, 25-35% were 
positive, MB3-expressing transformants (Table 2). The reason that the AOX1- 
deletcd transformants grow at all on methanol medium is due to low-level 
expression of alcohol oxidase activity by the AOX2 gene product. Analysis of 
DNA isolated from these "positive" recombinants using PCR with 5' AOXI, 3' 
AOXI, 5' MB3, 3' MB3 and other specific primers, indicated that the AOX1 
structural gene was indeed replaced by the fragment containing the MB3 and 
H1S4 genes. Analysis of the DNA isolated from HisVMur transformants 
indicated that the AOXI structural gene was intact and that the entire vector 
containing His4 DNA had integrated elsewhere. Among 39 /*0*7-disrupted 
transformants that expressed MB3, no HisVMut r transformants were found, 
indicating preference for the AOXI replacement mode of integration. 

The results of immunoblot analysis of 84 Pichia transformants indicated 
that one may express the MB3 protein using all of the constructed recombinant 
plasmids, pHIL-D2/MB3, pHIL-Sl/MB3, pPIC9/MB3. and pPIC9K/MB3 (Table 
3). Thirty-nine clones were isolated that expressed the MB3 protein. Antigenic 
specificity of expressed MB3 protein was examined and was confirmed by 
Western blot analysis using monoclonal and polyclonal antibodies raised against 
wild type N. meningitidiyOMP class 3. These results led to the conclusion that 
all of the expression vectors were correctly constructed, and that the 
transformations of Pichia spheroplasts were properly performed. 

The amount of expressed MB3 was determined by densitometric scanning 
of the Coomassie brilliant blue stained protein bands fractionated by SDS-PAGE 
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using a Model GDS-7500 scanning densitometer (UVP Life Sci.) or Model 
1S-1000 densitometer (Alpha Innotech Corp.). Purified OMP class 3 extracted 
wild type of N. meningitidis was used as a standard. Based on the results 
(summarized in Table 3), the level of protein expression was estimated to be 
5 moderate to high. 

The optimization of the translation elongation rate for the expression of 
the MB3 gene (see Materials and Methods, above) was very useful. The 
modification of the starting MB3 sequence was especially effective for 
intracellular expression of the porin gene (pf-UL-D2/MB3 construct). Because 

10 other constructs (pHIL-Sl/MB3 and pPIC9/MB3, both used for MB3 secretion) 

contained codons optimal for Pichia in the leader peptide sequence upstream of 
the MB3 insert, the initiation of translation of these cassettes was not rate- 
limiting. In contrast, the pHIL-D2/MB3 construct did not include a leader 
sequence, and so without codon optimization, translation would have had to have 

15 been initiated at rare codons of the MB3 insert. The codon-optimized pHIL- 

D2/MB3 construct, when transformed into Pichia chromosomal DNA, provided 
the highest level of MB3 expression of all the other mentioned MB3 expression 
constructs (Tables 3 and 4). Thus, this modification of the translation start 
sequence of MB3 appears to be responsible for the high yield of expressed protein 

20 in pHIL-D2/MB3 constructs. 

The level of MB3 expression by the best clones {Pichia transformed with 
the pHIL-D2/MB3 construct) was in the range of 0.1-0.6 g per 1L of cell 
suspension, or 1-3 mg r per g of cell pellet (Table 3, Fig. 12). Such efficiency of 
expression in yeast has been reported for many of the following manufactured 

25 proteins: hepatitis B surface antigen (0.3 g/L), superoxide dismutase (0.75 g/L), 

bovine and human lysozyme (0.3 and 0.7 g/L, respectively), human and mouse 
epidermal growth factors (0.5 and 0.45 g/L respectively), human insulin-like 
growth factor (0.5 g/L), human interleukin-2 (1 .0 g/L), aprotinin analog (0.8 g/L), 
Kunitz protease inhibitor ( 1 .0 g/L), etc. (Cregg ei uL, Biotechnology. 1 1 . 903-906, 

30 Table 1 (1993)). 
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It should be emphasized that all of the previously listed levels of 
expression for manufactured proteins are the result of production of these proteins 
during fermentation in high cell density fermentors. MB3 was expressed utilizing 
only shake flask cultures which, as a rule, provide much lower expression levels 
than does fermentation. Recently reported observations lead one to expect a 
much higher yield (a 5-1 0 fold or greater increase) of MB3 in a fermenter (Cregg 
et al , 1 993). P. pastohs adapts well to being scaled up from shake flask to high 
density fermentor cultures. In addition, where ^OA'-delcted Pichia strains are 
used for fermentation, production of foreign proteins can be optimized by first 
causing rapid growth, and then adding methanol to induce protein production 
while minimizing additional cell growth. The long amount of time needed to 
produce proteins when Pichia is growing on methanol can be reduced by 
applying one of several mixed-feed fermentation strategies (Siegel et al. y 
Biotechnoi Bioeng. 34:403-404 (1989); Brierley et ai n Int. Patent Application 
No. WO 90/03431 (1989); Brierly et al, Biochem. Eng 359:350-362 (1990); 
Siegel et aL, Int. Patent Application No. WO 90/10697 (1990)). 

Another promising aspect of the expression levels of MB3 protein in 
Pichia is that the results were similar for all examined clones. As other 
investigators have found that in shake flask induction the level of expression is 
proportional to the number of copies of inserted gene of interest (Clare et ai % 
1991), it can be deduced that all of the MB3 clones tested were single-copy 
chromosomal integrants, and thus that no Pichia recombinants with multiple 
integrated copies of the MB3 fragment were isolated. 

An important factor in obtaining high levels of expression using 
P. pastoris is the ability to obtain recombinants with multicopy transplacement 
or integration (Romanos et aL. Vaccine 9:901-906 (1991); Clare et al % 
Bio/Technology 9:455-460 (1991); Clare et aL Gene 705:205-121 (1991)). . 
Multicopy transformants have been found to be surprisingly stable over multiple 
generations during growth and induction in high cell density fermentations. 
Since this multiple gene insenion event occurs at a low frequency during 
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spheroplast transformation, a special dot blot screening of a number of 
recombinants is used (Scorrer ei al, Bio/Technology 72:181-184 (1993)). An 
alternative to screening for spontaneous multiple insertion events is to insert 
multiple copies of the gene(s) of interest into Pichia expression vector pAQ815, 
which has recently been constructed by Invitrogen for this purpose. 

Before attempting to express MB3, the protein was evaluated to determine 
if any of the factors believed to reduce expression levels were present. One of the 
factors which can reduce expected high-level accumulation of a protein is 
proteolytic stability. It is now known that highly expressed proteins are devoid 
of good PEST sequences. PEST sequences contain proline (P), glutamic acid (L) % 
serine (S) and threonine (T), and are found in all rapidly degraded eukaryotic 
proteins of known sequence; such proteins have been implicated as favored 
substrates for calcium-activated proteases (Rogers et al. Science 2J-/:364-369 

(1986) ). Proteins that are expressed at high levels in yeast do not contain a so- 
called "good" PEST sequence (having a score >5 as calculated by the algorithm 
developed by Rogers et al (1986)), which leads to susceptibility to proteolysis, 
nor do they contain the pentapeptidc sequences XFXRQ or QRXFX (X=any 
amino acid), which are selective for degradation of cytoplasmic proteins by the 
lysosomal pathway (Dice, J.F., Fed Am.Soc. Exp. Biol. (FASEB) 1 7:349-357 

(1987) ). Proteins that are expressed at high levels in yeast do not contain these 
pentapeptide sequences. Computer analysis of the MB3 sequence identified a 
"poor" but not "good" PEST region (13-32aa) having the sequence 
(EISRSVFHQNGQVIEVUAT. According Rogers ei al (1986) such a poor 
PEST sequence weakly influences the proteolytic stability of eukaryotic proteins. 
Thus, one of the factors which leads to proteolysis is not present in MB3. 

MB3 also does not contain the highly conserved pentapeptide sequences 
mentioned above. The sequence ROSFI (75-79aa) is present in MB3: this 
sequence displays some homology to the degradation pentapeptide QRXFX. but 
is not believed to greatly destabilize MB3. 
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The nature of the NH r terminaI amino acid residue can also be an 
important factor in the susceptibility of a protein to degradation. Varshavsky et 
al. have demonstrated that the presence of certain amino acids at the NH r 
terminus provide a stabilizing effect against rapid degradation by ubiquitin- 
mediated pathways (the N-end rule pathway) (Varshavsky et al. Yeast Genetic 
Engineering, Butterworths, pp. 109-143 (1989)). Most proteins that are 
expressed at high levels in yeast have a stabilizing amino-terminus amino acid 
residue (A, C, G, M, S, T or V). Examples of such proteins include human 

f 

superoxide dismutase, human tumor necrosis factor, phosphoglycerate kinase 
from & cerevisiae, invertase from S. cerevisiae* alcohol oxidase from P. pastoris, 
and extracellular alkaline protease from }'. lipolytica (Sreekrishna et al, 
Biochemistry 28:4] 1 7-4125 (1989)). Although MB3 is expressed well in yeast, 
the NH 2 -terminal aspartic acid (D) of MB3 does not provide a stabilizing effect 
against rapid degradation by ubiquitin-mediated pathways. 

It is possible that the NH r terminal aspartic acid of MB3 will play a role 
in the level of MB3 produced from Pichia in large scale production. Replacing 
the first amino acid of MB3 with one of the amino acids known to stabilize the 
NH 2 -terminus of proteins, mentioned above, could improve the level of MB3 
production. 

It was decided to proceed with experiments attempting to express MB3 
in yeast, as most of the factors known to reduce expression levels were not 
present in MB3. 

The best expression of MB 3 was provided by Pichia clones transformed 
with the pHIL-D2/MB3 expression cassette (Tables 3 and 4). This pHIL-D2 
vector generated intracellular expression of complete, monomeric, non-fusion, 
non-secreted MB3 with an expected MW of about 34 kDa. These clones 
provided the highest level of expression of MB3. up to 600 mg/L or 3 mg per g 
of wet ceil pellet (Table 4). About 90-95% of this product was insoluble, 
membrane-associated materia), i.e., material which sediments upon centri- 
fugation for 5 min at 1 0,000g, and that can be extracted by treatment with SDS- 
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containing buffer (PAGE sample buffer) followed by boiling. The protein can 
then be renatured to a conformation that can be easily recognized by an anti- 
meningococcal OMP class 3 antibody. 

Induction of pHIL-D2/MB3 constructed clones with methanol resulted 
in the rapid expression and fast accumulation of intracellular MB3. After 24 
hours of a methanol induction, the level of expressed MB3 was estimated at not 
less than 80% of maximal, which was reached after 5-6 days. 

The pHIL-D2/MB3-containing Pichia recombinant is the most promising 
for commercial production. This clone provides relatively high levels of 
expression which could be significantly improved by using multiple-copy 
recombinants, and by producing the protein in a fermentor. The fact that MB3 
is rapidly produced also provides an advantage for large scale manufacture. 

MB3 expressed in an intracellular form was purified by a 
denaturation/renaturation protocol, followed by gel filtration and ion exchange 
chromatography. The resultant purified protein exhibits an elution profile on size 
exclusion chromatography that resembles the recombinant class 3 protein 
overexpressed in £ coli. MB3 expressed by either £ coli or P. pastoris co-elutes 
with the native wild-type counterpart, indicating that MB3 expressed by either 
£ coli or P. pastoris refolds and oligomerizes, achieving full native conformation 
(Figs. 14Aand 14B). 

Both the native (Pichia) secretion signal (PHOl) and the alpha-factor 
signal sequence from S. cerevisiae were tested for targeting expressed porin to 
the secretary pathway. Unexpectedly, the shorter PHOl leader was more 
effective for causing MB3 secretion. The pHIL-Sl Pichia transfer vector 
includes a sequence encoding the 2.5 kDa PHOl leader peptide, a secretion signal 
peptide of P. pastoris. In the pHIL-Sl/MB3 construct, the sequence encoding 
MB3 was inserted downstream of the PHOl leader sequence. 40-50% of the 
36.5 kDa expressed fusion protein PHOI/MB3 produced by pHIL-Sl/MB3 
clones was properly cleaved to generate a 34 kDa MB3 monomer (Tables 2 and 
3), and 5-10% of expressed soluble porin was secreted. The pPIC9 and pPIC9K 
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Pichia transfer vectors include a sequence encoding the 10 kDa alpha-factor 
leader derived from S. cerevisiae. Pichia clones transformed by pP!C9/MB3 or 
pPIC9K/MB3 did not secrete porin. These recombinants expressed a 44 kDa 
alpha-factor prepro/MB3 fusion protein well, but no evidence of correct 
cleavage and processing was observed. Improved secretion of expressed MB3 
was not obtained by using its 3' truncated fragment fused with either PHOl 
leader or alpha-factor leader peptides. 



Example 1 0. Isolation, purification and characterization of 
MB3 protein expressed as a secretory protein 

Yeast cells cultures harboring the expression vector containing the gene 
for MB3 (pHIL-Sl-pNV318) were configured to isolate the protein as soluble 
secreted material). The supernatant was clarified by precipitation with 20% 
ethanol (v/v) to remove contaminating yeast culture impurities. The supernatant 
was then precipitated with 80% ethanol (v/v). The resulting pellet was washed 
with TEN buffer (Tris HC1, pH 8.0, 100 mM NaCl and 1 mM EDTA), in order 
to remove other hydrosoluble contaminating secreted proteins. The pellet 
containing MB3 was dissolved in an aqueous solution of detergent (solubilizing 
buffer), comprised of TEN buffer with 5% Z 3-14. The solution was applied to 
a Hi-Trap Q Sepharose ion exchange column (1 ml) (Pharmacia) equilibrated in 
50 mM Tris, 0.2 M NaCl and 1 .0 mM EDTA (pH 8.0). A gradient of 0.2-1 .0 M 
NaCl was applied, and MB3 protein eluted as a single peak. 

Example J I . Isolation, purification and characterization of 
MB3 protein expressed as an insoluble- 
membrane bound protein 



Yeast cells cultures harboring the expression vector containing the gene 
MB3 ( P HILD-2«pNV322) (see Table 3) were resuspended in breaking buffer 
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(i.e., 50 mM sodium phosphate buffer, pH 7.4, ] mM EDTA, and 5% glycerol), 
to a concentration equivalent to 50-100 ODs. The suspension was added to the 
same volume of acid treated glass beads. The suspension was lysed using a 
Minibead-Beater (Biospec Products, Bartlesville, OK), in 8 consecutive cycles 
of 1 min each, followed by 1 min on ice, between each cycle. As an alternative 
procedure, the lysis process was facilitated by the addition of Zymolase to the 
breaking buffer. The suspension was transferred to a glass sintered filter to 
separate the glass beads, and the cell suspension was collected in the filtrate. The 
beads were further washed and the filtrates combined. The suspension was then 
centrifuged at 12,000 rpm for 15 min at 4°C. A series of consecutive washing 
steps was applied to the resultant pellet, consisting of the following: (a) TEN 
(Tris HC1, pH 8.0, 100 mM NaCl, and 1 mM EDTA) containing 0.5% 
deoxycholate; (b) TEN containing 0.1% SDS and 1% Nonidet, after which the 
suspension was rotated for 30 min at 25 D C; (c) washing with TEN buffer; and 
(d) washing with TEN buffer containing 5% Z 3-14 r under rotation overnight at 
4°C. Each washing step was followed by centrifugation at 12,000 rpm for 1 0 min 
at 4°C to collect the pellet for the following step. As an alternative method of 
washing the pellet, the suspension was passed through an 1 8 gauge needle in lieu 
of rotation in steps (b) and (d). Finally, the MB3 was extracted with 8M urea, or 
6M guanadinium HCI, and the extract was sonicated for 10 min, using a water 
bath sonicator. The extract was clarified by centrifugation (12.000 rpm, for 10 
min at 4°C), the same volume of a 10% aqueous solution of 3,14-zwittergen 
(Calbiochem) was added and the solution thoroughly mixed. The solution was 
again sonicated for 10 min. Any residua] material was removed by 
centrifugation. This mixture was then applied to a Sephacryl S-300 (5x100 cm) 
column (Pharmacia) equilibrated in a buffer comprised of 0,1 M Tris-HCl, 0.2 M 
NaCl, 10 mM EDTA, 20 mM CaCl 2 and 0.05% Z 3-14 (pH 8.0). Fractions 
containing class 2 protein were identified by SDS-PAGE. pooled, and applied to 
a Hi-Trap Q Sepharose ion exchange column (1 ml) (Pharmacia) equilibrated in 
50 mM Tris, 0.2 M NaCl and 1 .0 mM EDTA (pH 8.0). A gradient of 0.2-1 .0 M 
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NaCl was applied and MB3 protein eluted as a single peak. Figures 14A. I4B 
and 15 depict the elulion profile of purified MB3 in a Sepharose 12 (Pharmacia) 
connected to an HPLC (Hewlett Packard, model 1 090). Based on the comparison 
with the native wild-type class 3 protein, as well as calibration using molecular 
weight standards, the elution profile is indicative of trimeric assembly. 

Example 12. Preparation of GAMP-TT Conjugate 

12.1 Preparation of NMA polysaccharide for conjugation. N. 
meningitidis group A (NMA) strain 604 A was grown in modified Franz medium 
(Franz, I. D., J. Baa. 75/757-761 (1942). Precipitation of the polysaccharide as 
a cationic detergent complex followed by fractional precipitation with ethanoi 
provided the high molecular NMA capsular polysaccharide. The high molecular 
weight polysaccharide was further purified by ultra filtration. Partial hydrolysis 
of the polysaccharide with 100 mM sodium acetate buffer pH 5.0 at 70°C yielded 
a low molecular weight polysaccharide in the range of 10,000-20,000 daltons. 
The free reducing terminal residue of the polysaccharide was reduced with 
NaBH< in the cold to preserve O-acetyl substituents and then oxidized with 
sodium periodate to generate terminal aldehyde groups. The oxidized 
polysaccharide was the purified and fractionated by size exclusion 
chromatography to provide activated group A meningococcal polysaccharide 
(GAMP) of average molecular weight about 13,000 daltons. 

12.2 Preparation of GAMP-TT conjugate. Tetanus toxoid (Serum 
Statens Institute, Denmark) was first purified to its monomeric form 
(mw ] 50,000) by size exclusion chromatography using a Superdex G-200 column 
(Pharmacia). Freeze-dried tetanus toxoid monomer (1 part by weight) and 
oxidized GAMP (2.5 part by weight) were dissolved in 0.2 M phosphate buffer 
pH 7.5. Recrystallized NaBH 3 CN (1 part) was added and the reaction mixture 
incubated at 37°C for 4 days. The conjugate was purified from the free 
components by size exclusion chromatography using a Superdex G-200 column 
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(Pharmacia), and PBS containing 0.01% thimerosal as an eluent. Purified 
GAMP-tetanus toxoid conjugate was stored at 4°C in this buffer. The 
polysaccharide content of the conjugate based on phosphorus analysis (Chen 
assay) was about 1 8-20% by weight. 

Example 13. Preparation of GCMP- TT Conjugate 

13.1 Preparation of NMC polysaccharide for conjugation. The 

capsular polysaccharide was isolated from the growth medium of Neisseria 
meningitidis group C (NMC) strain C 1 1. This strain was grown in modified 
Franz medium. The NMC polysaccharide (group C meningococcal 
polysaccharide (GCMP)) was isolated from the culture medium by cetavlon 
precipitation as described for the GAMP. Native GCMP was O-deacetylated with 
base and depolymerized by oxidative cleavage with NaIO< to an average 
molecular weight of 1 0,000-20,000. The cleaved polysaccharide was sized and 
purified by gel filtration chromatography to provide a highly purified product of 
average molecular weight about 12,000 daltons and having aldehyde groups at 
both termini. 

13.2 Preparation of GCMP-TT conjugate. Tetanus toxoid monomer 
(1 part) and solid oxidized GCMP (1 part) were dissolved in 0.2 M phosphate 
buffer pH 7.5 and incubated at 37°C with 1 part of recrystallized NaBH 3 CN for 
4 days. The conjugate was purified from its free components by gel filtration 
chromatography on Superdex G-200 using PBS containing 0.01% thimerosal as 
eluent. The purified conjugate was stored at 4°C prior to being formulated for 
animal studies. The content of the polysaccharide in the conjugate was 33% 
based on its sialic acid content as measured by the Svermerholm resorcinol assay 
(Biochim. Biophys. Acta 2^.604-611 (1957). 
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Example 14. Preparation of N-Propionyl Group B Meningococcal 
Polysaccharide-rPorB Conjugate 

14.1 Preparation of Neisseria rPorB. Expression of class 3 N. 
meningitidis porin protein (PorB) in E. coli and purification of porin gene 
products is described supra. The recombinant rPorB protein was purified by 
using a sephacryl S-300 molecular sieve column equilibrated with 100 mM Tris- 
HC1, 200 nM NaCl, 10 mM EDTA, 0.05% Zwittergen 3, 14 (Calbiochem. La 
Jolla, CA), 0.02% sodium azide pH 8.0. The protein fractions as measured by 
their OD, 8n eluting with an apparent molecular weight of trimers were pooled and 
diafiltered against 0.25 M HEPES, 0.25 M NaCl 0.05% Zwittergen 3. 14 pH 8.5, 
to a concentration of 1 0- 1 2 mg/ml. 

14.2 Preparation of N-propionylated Group B Meningococcal 
Polysaccharide (GBMP). The N-propionylated GBMP and its oxidized form 
were prepared as described in U.S. Patent No. 4.727,136 and EPO 0504202 , both 
of which are fully incorporated by reference herein. 

14.3 Preparation of N-Pr-GBMP-rPorB conjugate. To 10 mg of 
oxidized N-Pr-GBMP of average molecular weight 12.000 was added 33 pi of a 
12 mg/ml of rPorB protein in 0.25 M HEPES. 0.25% M NaCl. 0.05% Zwittergen 
3. 14, pH 8.5. The solution was mixed until all solid dissolved and 6.5 mg of 
recrystallized NaBH,CN was added. The solution was incubated at 37°C for 4 
days and the conjugate was purified from the mixture by using a Superdex G-200 
column (Pharmacia) equilibrated with PBS -0.0% thimerosal. Protein fractions 
were combined and stored at 4°C. The conjugates were analyzed for their sialic 
acid content by the resorcinol assay and for protein with the Pierce Coomassie 
Plus assay. The resulting conjugate had a polysaccharide content of about 20- 
25% and is devoid of any pyrogens as measured by the LAL and rabbit 
pyrogenicity tests. 
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Example 1 5. Analysis of Conjugates by Capillary Electrophoresis 

15.1 System and method. Analysis was performed by Capillary Zone 
Electrophoresis on a Beckman 2000 Series CE system (Beckman Instruments 
Inc., Fullerton, CA) using an untreated fused silica capillary of dimensions 47 cm 
total length (40 cm effective length) by 50 fim i.d. (375 jim o.d.) and 0.4N borate 
buffer, pH 10.2 as electrolyte (Hewlett Packard, Palo Alto, CA). System control 
and data acquisition was performed using Beckman Gold system software. The 
voltage was set at 25 KV and the detector was set to 200 nm detection 
wavelength. The capillary temperature was set to 20°C. The capillary was 
conditioned between runs with a high pressure rinse for 2.0 minutes with 0. 1 M 
sodium hydroxide followed by 2.0 minutes with deionized water. All samples 
were pressure injected. All buffer and sample media were filtered through an 
appropriate 0.2 ^m membrane filter and degassed prior to use. 

15.2 Analysis of Conjugates. After purification the conjugates were 
concentrated by ultrafiltration through an Amicon Centricon-3 concentrator 
(Amicon, Inc., Beverly, MA). Meningococcal polysaccharide and tetanus toxoid 
monomer calibration samples were prepared in deionized water at a concentration 
of 0.25 mg/ml and 0.28 mg/ml, respectively. The method was determined to be 
selective for the glycoprotein and conjugate components with adjacent 
components being completely separated (Rs>1.5), as demonstrated in the 
electropherograms of the polysaccharides and protein spiked glycoprotein 
conjugates (Fig. 20 and Fig. 2 1 ). Fig. 20 shows the G AMP-TT conjugate spiked 
with GAMP and TT-monomer conjugate components, while Fig. 21 shows the 
GCMP-TT conjugate spiked with GCMP and TT-monomer conjugate 
components. The lower limit of detection (LLD) for the free form polysaccharide 
and protein components for the method was determined to be in the subnanogram 
level. A lower limit of quantitation (LLQ) of approximately 0.6 ng was obtained 
for the free form of each component. A linear response was obtained for the 
selected total mass of each component. A linear response was obtained for the 
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selected total mass range of 0.6-2.6 ng and 0.6-2.4 ng for the polysaccharide and 
protein, respectively, with a coefficient of determination of 0.99 for both curves. 
Using this CZE based assay, analysis of a meningococcal polysaccharide-tetanus 
toxoid conjugate indicated a free polysaccharide content of less than about 5% 
and a free protein content of less than about 2%. 

Example 16. Immunization and Immunoassays 

16.1 Trivaleni conjugate vaccine formulation. Each individual 
conjugate component (A, B, C) was absorbed onto Aluminum hydroxide 
(AI(OH)j) Alhydrbge) (Superfos, Denmark) at a final Al concentration of 

1 mg/ml of the trivalent vaccine. Three vaccines were formulated in which the 
doses of each conjugated polysaccharide varied. Formulations had either about 

2 fig of each A, B, and C conjugated polysaccharide; or about 2 ug A conjugated 
polysaccharide, about 5 ug B conjugated polysaccharide and about 2pg C 
conjugated polysaccharide; or about 5 ng of each A, B, and C conjugated 
polysaccharide per dose of 0.2 ml of PBS, 0.01 % thimerosal. 

1 6.2 Immunization. Female Balb/c mice (Charles River Laboratories) 
4-6 weeks old, were injected i.p. at days 0. 28. and 42. Bleeds were performed 
at days 0, 14, 28, and 42. and mice were finally exsanguinated at day 52. Sera 
were stored at -70°C prior to serological analysis. 

16.3 Immunoassays: 

ELISAs: Antibody titers to each A. N-propionylated B and C polysaccharides 
were determined by ELISA using the corresponding HSA conjugates as coating 
antigen (Figs. 22, 23, and 24). Antibody titer was defined as the x-axis intercept 
of the linear regression curve of absorbance vs. absorbance x dilution factor. 
Bactericidal Assays: Bactericidal assays were performed using baby rabbit 
serum as a source of complement and N meningitidis strains H 44/76 (Serotype 
15), Cll and Al respectively used as group B meningococcal, group C 
meningococcal, and group A meningococcal organisms in this assay (Figs. 25. 
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26, and 27). Bactericidal titer was defined as the serum dilution producing 50% 
reduction in viable counts. 

Having now fully described this invention, it will be understood by those 
of ordinary skill in the art that the invention can be practiced within a wide and 
equivalent range of conditions, formulations and other parameters without 
affecting the scope of the invention or any embodiment thereof. All patents and 
publications cited herein are fully incorporated by reference herein in their 
entirety. 
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Table 1. ELISA and Bactericidal Titers of Group B Meningococcal 
Conjugate Vaccines (N-Pr GBMP-Protein) 







ELISA 


Bactericida 


Vaccine 


Adjuvant 


Titer 


1 Titer 




SaJine 


5,400 


0 


N-Pr GBMP- 


Al(OH) 3 


13.000 


0 . 


TT 


ST 1 


17,000 


0 


- 


CFA 2 


40,000 


800 




Saline 


20,000 


500 




Saline 


22,000 


150 




Saline 


39.000 


960 




Al(OH) 3 


93.000 


200 


N-Pr GBMP-PP 


AI(OH) 3 


166.000 


>3,200 




AI(OH) : , 


130.000 


1,200 




ST 


53,000 


1 .000 




ST 


29.000 


1.700 




ST 


72,000 


1.500 




Saline 


>100 


0 


N-PrGBMP 


AlfOH) 3 


>100 


0 




ST 


>100 


0 




Saline 


>100 


0 


PP 


AI(OH), 


>100 


0 




ST 


660 


0 



'ST = Stearyi tyrosine. 

2 CFA = Complete Freund's Adjuvant 
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Table 2. Efficacy of a transformation of yeast (Pichia) cells 



Construct 


Number of analyzed 
transformants 


MB3 expressed transformants 




Number of positive 


"A, from total 


pHIL-D2 / MB3 


32 


9 


28 


pHIL-Sl / MBS 


23 


8 


35 . 


pPIC9 / MB3 


16 


4 


25 


pPIC9K / MB3 


16 


5 


31 
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Tablc 3. Expression of MB3 porin protein with recombinant Pichia pastoris 



Code 
AMVAX 


| Clone 


Vector 


Level of expression 
mg/g mg/L 


Secretion 


pnv 3 1 1 


SI/MB3/3/S 




ND 


20-30 


u 


pnv 312 


S1/MB3/5/S 


dHIL-SI 

pit 1 Lj O 1 


ND 


30-40 


0 


pnv 313 


Sl/MB3/7/s 


dH1L-S! 

p* 1 1 Li O i 


ND 


30-40 


u 


pnv 3 14 


S1/MB3/12/S 


dHIL-SI 


ND 


20-30 


j - IU 


pnv 315 


S1/MB3/15/S 


dHIL-SI 


ND 


20-30 


U 


pnv 316 


S1/MB3/18/S 


dHIL-SI 


ND 


80- 100 


J - IU 


pnv 3 1 7 


S1/MB3/22/S 


nHH -SI 


ND 


50-60 


< I A 


pnv 318 


S1/MB3/23/S 


dHIL-SI 

pi 1 1 Li J 1 


ND 


300 - 400 


^ 1 A 


pnv 321 


D2/MB3/1-7/S 


dHIL-D? 

yJ l * l I— ' i—r mm 


2.4 


480 


A 
U 


pnv 322 


D2/MB3/2-1/S 


nHIL -D^ 


3.0 


600 


r\ 
U 


pnv 323 


D2/MB3/2-6/s 


nHII -H? 
pn il.-l/z 


1.7 


340 


0 


pnv 324 




null rv) 


1.6 


320 


0 


pnv 325 




pn 1 U- L/— 


1.7 


340 


0 


pnv 326 




pn i L'Uz 


2.4 


480 


0 


pnv 327 




nWll n") 
pniL-uj 


2.4 


480 


0 


pnv 328 




pniL,-L/-i 


2.4 


480 


0 


pnv 329 






2.4 


480 


0 


pnv 34 1 


P9/MB3/1-46/S 


nPIC-9 

pr i v» » 


ND 


10-20 


A 

u 


pnv 342 


P9/MB3/I-261/S 


pP)C-9 


ND 


80- 100 


o 


pnv 343 


P9/MB3/I-263/S 


pPIC-9 


ND 


20-30 


0 


pnv 344 


P9/MB3/1-268/S 


pPIC-9 


ND 


20-30 


0 


pnv 345 


9K/MB3/Tr/3-4/s 


pPJC-9K 


ND 


150 - 200 


5 


pnv 346 


9K/MB3/Tr/3-5/s 


pPIC-9K 


ND 


100- 150 


0 


pnv 347 


9K/MB3/Tr/3-6/s 


pPIC-9K 


ND 


100- 150 


0 


pnv 348 


9K/MB3/Tr/3-8/s 


pPIC-9K 


ND 


80- 100 


0 


pnv 349 


9K/MB3/Tr/3-9/s 


pPIC-9K 


ND 


80- 100 


0 



WO 97/28273 




PCT/US97/01687 



-86- 



Code 

AIM VAX 


Clone 


Vector 


Level of expression 
mg/g mg/L 


Secretion 


pnv J5U 


VISJlVlDj/D- l/S 


prlL-Vls. 


ND 


150-200 


0 


pnv 35 1 


9K./MB3/6-2/S 


pPiL-yK. 


ND 


100- 150 


0 


pnv 352 


9K/MB3/6-3/S 


pPIC-9K 


ND 


100- 150 


0 


pnv 353 


9K/JvlB3/o-5/s 


pPIC-VK 


ND 


80- 100 


0 


pnv 354 


9K/MB3/6-9/S 


nip r» \s 


ND 


80- 100 


0 


pnv 355 


9K/MB3/8-22/S 


pPIC-9K 


ND 


150-200 


0 


pnv 356 


9K/MB3/9-5/S 


pPIC-9K 


ND 


80- 100 


0 


pnv 357 


9K/MB3/I0-20/S 


pPIC-9K 


ND 


80-100 


0 


pnv 358 


9K/MB3/10-33/S 


pPIC-9K 


ND 


80- 100 


0 


pnv 359 


9K/MB3/Tr/ll- 


pPIC-9K 


ND 


150-200 


0 


pnv 360 


9K/MB3/Tr/ll- 


pPIC-9K 


ND 


150-200 


0 


pnv 361 


9K/MB3/Tr/1 1- 


pPIC-9K 


ND 


80- 100 


0 


pnv 362 


9K/MB3/Tr/ll- 


pPIC-9K 


ND 


80- 100 


0 
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Table 4. The expression of MB3 by recombinant clones with different 
expression cassettes. The main characteristic of the best clones. 



Code: 


pnv318 
sl/MB3/ 
23/s 


pnv322 
D1/MB3/2- 
1/s 


pnv345 
9K/MB3/Tr/3- 
4/s 


pnv350 
9K/MB3/6- 
1/s 


Characteristic: 
Expression vector 


pHIL-Sl 


pHIL-D2 


pPIC 9K 


pPIC 9K 


Fused leader 
peptide 


PHOl 

i i ivy I 

(2.5kDa) 


NO 


a-factor(10kDa) 


a- 

factor(IOKDa) 


Promoter for 
MB3 


AOX1 


AOX1 


AOX1 


AOXI 


Size of expr. 
protein(s) 


34.0; 
37.5kDa 


34.0kDa 


43kDa 


44kDa 


Cleavage 
(Processing) 


Cleavage 
(40-50%) 


NO 


NO 


NO 


Secretion 


Weak, 
<10% 


NO 


NO 


NO 


MB3 degradation 


<10% 


<10% 


<10% 


<10% 


Express 
level(mg/g) 


2.0 


3.0 


2.0 


1.5 


Expression Level 
(mg/L) 


300.0 


600.0 


150.0 


150.0 


Cytosol 
localization 


60-70% 


5-10% 


50% 


50% 


Membrane 
association 


30-40% 


90-95% 


50% 


50% 


Solubility 


Partly 
soluble 


Insoluble 


Partly soluble 


Partly soluble 
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Table 5. Codon Usage for Pichia pastoris and MB3 



Pichia pastoris codon usage 



TTT 


phe 


F 


1 1 


TCT 


ser 


S 


13 


TAT 


tyr 


Y 


6 


TGT 


cys 


c 


5 


TTC 


phe 


rr 
r 


c 

5 


rcc 


ser 


c 


n 

V 


TAP 


tyr 


\/ 
i 


o 
6 


TGC 


cys 


c 


■) 


TTA 


leu 


L 


3 


TCA 


ser 


s 


2 


TAA 


OCH 


Z 




TGA 


OPA 


z 




TTG 


leu 


L 


26 


TCG 


ser 


s 


-\ 


TAG 


AMB- 


z 




TGG 


trp 


w 


3 


CCT 


leu 


L 


4 


CCT 


pro 


p 


6 


CAT 


his 


H 




CTG 


arg 


R 


4 


CTC 


leu 


L 


1 


CCC 


pro 


p 


5 


CAC 


his 


H 


3 


CGC 


arg 


R 


2 


CTA 


leu 


L 


4 


CCA 


pro 


p 


4 


CAA 


gin 


0 


12 


CGA 


arg 


R 




CTG 


leu 


L 


8 


CCG 


pro 


p 


1 


CAG 


gin 


0 


1 


CGG 


arg 


R 


2 


ATT 


ile 


1 


8 


ACT 


thr 


T 


17 


AAT 


asn 


N 


9 


ACT 


ser 


S 


6 


ATC 


lie 


1 


7 


ACC 


thr 


T 


5 


AAC 


asn 


N 


4 


AGC 


ser 


s 


I 


ATA 


ile 


1 


•> 


ACA 


thr 


T 


5 


AAA 


Ivs 


K 


15 


AGA 


arg 


R 


6 


ATG 


ile 


M 


4 


ACG 


thr 


T 


1 


AAG 


lys 


K 


14 


AGG 


arg 


R 


6 


GTT 


val 


V 


15 


GCT 


ala 


A 


17 


GAT 


asp 


D 


15 


GGT 


gly 


G 


1 . 


GTC 


val 


V 


6 


GCC 


ala 


A 


6 


GAC 


asp 


D 


12 


GGC 


giy 


G 


5 


GTA 


val 


V 


2 


GCA 


ala 


A 


9 


GAA 


glu 


E 


23 


GGA 


gly 


G 


6 


GTG 


val 


V 


10 


GCG 


ala 


A 


1 


GAG 


glu 


E 


I 1 


GGG 


gly 


G 





Outer membrane group B porin protein class 3 (MB3 ) codon usage 



TTT 


phe 


F 


2 


TCT 


ser 


S 


8 


TAT 


tyr 


Y 


4 


TGT 


cys 


C 




TTC 


phe 


F 


11 


TCC 


ser 


S 


7 


TAC 


tyr 


Y 


1 1 


TGC 


CYS 


c 




TTA 


leu 


L 


1 


TCA 


ser 


S 




TAA 


OCH 


I 


1 


TGA 


OPA 


z 




TTG 


leu 


L 


11 


TCG 


ser 


s 


4 


TAG 


AMD 


z 




TGG 


trp 


w 


4 


CCT 


leu 


L 


2 


CCT 


pro 


p 


2 


CAT 


his 


H 


2 


CTG 


arg 


R 


4 


CTC 


leu 


L 




CCC 


pro 


p 


3 


CAC 


his 


H 


7 


CGC 


arg 


R 


8 


CTA 


leu 


L 




CCA 


pro 


p 




CAA 


gin 


Q 


10 


CGA 


arg 


R 




CTG 


leu 


L 


7 


CCG 


pro 


p 




CAC. 


gin 


0 


4 


CGG 


arg 


R 


1 


ATT 


ile 


I 


5 


ACT 


thr 


T 


5 


AAT 


asn 


N 


6 


AGT 


ser 


S 




ATC 


ile 


1 


7 


ACC 


thr 


T 


7 


AAC 


asn 


N 


12 


AGC 


ser 


s 


y 


ATA 


ile 


1 




ACA 


thr 


T 




AAA 


Ivs 


K 


21 


AGA 


arg 


R 


i 


ATG 


met 


M 


2 


ACG 


thr 


T 


1 


AAG 


lys 


K 


2 


AGG 


arg 


R 




GTT 


val 


V 


10 


GCT 


ala 


A 


4 


GAT 


asp 


D 


9 


GGT 


gly 


G 


l 


GTC 


val 


V 


5 


GCC 


ala 


A 


7 


GAC 


asp 


D 


12 


GGC 


filv 


G 


2 


GTA 


val 


V 


9 


GCA 


ala 


A 


9 


GAA 


glu 


E 


1 1 


GGA 


gly 


Ci 


1 


GTG 


val 


V 


7 


GCG 


ala 


A 


-) 


GAG 


glu 


E 


4 


GGG 


gly 


G 
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What Is Claimed Is: 

1 . A method for the high level expression of the outer membrane 
meningococcal group B porin protein or a fusion protein thereof in yeast, 
comprising: 

(a) ligating into a plasmid having a selectable marker a gene 
coding for a protein selected from the group consisting of: 

(i) a mature porin protein 

(ii) a fusion protein which is a mature porin protein fused 
to a yeast secretion signal peptide; 

wherein said gene is operably linked to a yeast promoter; 

(b) transforming said plasmid containing said gene into a yeast 
strain; 

(c) selecting the transformed yeast by growing said yeast in a 
culture medium allowing selection of said transformed yeast; 

(d) growing the transformed yeast, and 

(e) inducing expression of said protein to give yeast containing 
said protein; 

wherein the protein so expressed comprises more than about 2% of the total 
protein expressed in said yeast. 

2. The method according to claim 1, wherein the protein so 
expressed comprises about 3-5% of the total protein expressed in said yeast. 

3. The method according to claim 1. wherein said mature porin 
protein is the Neisseria meningitidis mature outer membrane class 3 protein from 
serogroup B. 
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4. The method according to claim 1 wherein said yeast promoter is 
the AOX1 promoter. 

5. The method according to claim 1, wherein said yeast secretion 
signal peptide is selected from the group consisting of the secretion signal of the 

5 S. cerevisiae a-mating factor prepro-peptide and the secretion signal of the P. 

pastoris acid phosphatase gene. 

6. The method according to claim 1 , wherein said plasmid is selected 
from the group consisting of pHIL-D2, pHIL-Sl, pPlC9 and pPIC9K. 

7. The method according to claim 1 , wherein said gene comprises 
10 a nucleotide sequence that incorporates codons optimized for yeast codon usage. 

8. The method according to claim 7, wherein said codons optimized 
for yeast codon usage are in the 5' region of said gene. 

9. The method according to claim 8, wherein said 5' region of said 
gene is the nucleotide sequence: 

15 5'-gac gtC acT Ttg tac ggT acT att aaG gcT ggT gtT gaG act tec cgc tct gta ttt cac cag 

aac ggc caa gtt act gaa gtt aca-3\ 

10. The method according lo claim 8, wherein said yeast is P. 
pastoris. 

1 1 . The method of claim 1 wherein said yeast secretes said protein or 
20 fusion protein into a growth medium. 
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12. The method of claim 1 1 wherein said plasmid is selected from the 
group consisting of pHIL-Sl, pP!C9, and pPIC9K. 

13. A method of purifying the outer membrane meningococcal group 
B porin protein or fusion protein thereof obtained according to the method of 
claim 1 comprising: 

(a) lysing said yeast obtained in step (d) to release said protein 
or fusion protein as an insoluble membrane bound fraction; 

(b) washing said insoluble membrane bound fraction obtained 
in step (a) with a buffer to remove contaminating yeast cellular 
proteins; 

(c) suspending and dissolving said insoluble membrane bound 
fraction obtained in step (b) in an aqueous solution of a 
denaturant; 

(d) diluting the solution obtained in step (c) with a detergent; 
and 

(e) purifying said protein or fusion protein by gel filtration and 
ion exchange chromatography. 

14. A method of purifying the outer membrane meningococcal group 
B porin protein or fusion protein thereof obtained according to the method of 
claim 1 1 comprising: 

(a) centrifuging said yeast culture which has 

expressed the protein to isolate the protein as soluble secreted 
material; 

(b) removing contaminating yeast culture impurities from 
the soluble secreted material obtained in step (a) by precipitating 
said impurities with about 20% ethanol. wherein the soluble 
secreted material remains in the soluble fraction; 
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(c) precipitating the secreted material from the soluble fraction 
of step (b) with about 80% ethanol; 

(d) washing the precipitated material obtained in step (c) with 
a buffer to remove contaminating yeast secreted proteins; 

5 (e) suspending and dissolving the precipitated material 

obtained in step (d) in an aqueous solution of detergent; and 
(f) purifying the protein by ion exchange chromatography. 

15. A yeast host cell that contains a gene coding for a protein selected 
from the group consisting of: 

10 (a) a mature porin protein 

(b) a fusion protein which is a mature porin protein fused to a 
yeast secretion signal peptide. 

1 6. The yeast host cell of claim 1 5, wherein said yeast contains more 
than one copy of said gene. 



15 17. The yeast host cell of claim 1 5 wherein said mature porin protein 

is the Neisseria meningitidis mature outer membrane class 3 protein from 
serogroup B. 

18. The yeast host cell of claim 17 wherein said plasmid is selected 
from the group consisting of pHIL-D2, pHIL-Sl, pPIC9, pPIC9K and pA081 5. 

20 1 9. ITie yeast host cell of claim 1 5, wherein said yeast is P. pastoris. 



20. The yeast host cell of claim 1 5, wherein the 5' region of the gene 
encoding said protein is encoded by the nucleotide sequence: 
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5'-gac gtC acT Ttg tac ggT acT an aaG gcT ggT gtT gaG act tec cgc tct gta m cac cag 
aac ggc caa gtt act gaa gtt aca-3'. 

21. A nucleotide sequence coding for an outer membrane 
meningococcal group B porin protein, wherein at least one codon has been 
changed to optimize yeast codon usage. 

22. The nucleotide sequence of claim 21, wherein said porin protein 
is the mature outer membrane class 3 protein from serogroup B, and said codon 
changes are selected from the group of changes consisting of: (GTT to GTC at 
positions 4-6 of the native sequence), (ACC to ACT at positions 7-9 of the native 
sequence), (CTG to TTG at positions 10-12 of the native sequence), (GGC to 
GGT at positions 1 6-1 8 of the native sequence), (ACC to ACT at positions 1 9-2 1 
of the native sequence), (ATC to ATT at positions 22-24 of the native sequence), 
(AAA to AAG at positions 25-27 of the native sequence), (GCC to GCT at 
positions 28-30 of the native sequence), (GGC to GGT at positions 3 1-33 of the 
native sequence), (GTA to GTT at positions 34-36 of the native sequence), (GAA 
to GAG at positions 37-39 of the native sequence); 

wherein said positions are numbered from the first nucleotide of the native 
nucleotide sequence encoding said protein. 

23. A vaccine comprising group A meningococcal polysaccharide 
(GAMP), group B meningococcal polysaccharide (GBMP), and group C 
meningococcal polysaccharide (GCMP) antigens; together with a 
pharmaceutical ly acceptable carrier. 



24. The vaccine of claim 23. wherein said group A meningococcal 
polysaccharide (GAMP), group B meningococcal polysaccharide (GBMP). and 
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group C meningococcal polysaccharide (GCMP) antigens are each conjugated to 
a protein carrier. 

25. The vaccine of claim 24, wherein said protein carrier to which 
said GBMP antigen is conjugated is class 3 N. meningitidis porin protein (PorB). 

26. The vaccine of claim 24, wherein said protein carrier to which 
said GAMP antigen and said GCMP antigen are conjugated is tetanus toxoid. 

27. The vaccine of claim 25, wherein said GBMP antigen is N- 
propionylated prior to being conjugated to PorB. 

28. The vaccine of claim 24 wherein said vaccine comprises about 
2 \xg of the GAMP, GCMP and GBMP polysaccharide antigen conjugates. 

29. The vaccine of claim 24, wherein said vaccine comprises about 
5 jag of the GAMP, GCMP and GBMP polysaccharide antigen conjugates. 

30. The vaccine of claim 24, wherein said vaccine comprises about 
2 [ig of the GAMP and GCMP polysaccharide antigen conjugates, and about 5 ^g 
of the GBMP polysaccharide antigen conjugate. 

31. A method of inducing an immune response in a mammal, 
comprising administering a vaccine comprising group A meningococcal 
polysaccharide (GAMP), group B meningococcal polysaccharide (GBMP). and 
group C meningococcal polysaccharide (GCMP) antigens, together with a 
pharmaceutical^ acceptable carrier, in an amount sufficient to induce an immune 
response in a mammal. 
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32. The method of claim 31, wherein said group A meningococcal 
polysaccharide (GAMP), group B meningococcal polysaccharide (GBMP), and 
group C meningococcal polysaccharide (GCMP) antigens arc each conjugated to 
a protein carrier. 



33. The method of claim 31, wherein said mammal is a human. 
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atggacgttacgttgtacggtacaattaaagca6gcgtagaa6tttctcgcgtaaaagatgctg6tacat 70 
tacctgcaatggaacatgccatgttaatttggtccgcatcttcaaagagcgcattttctacgaccatgta 

mdvtlygt ikagvevsr vkoag.t 
ataaagctcaaggcggaaaatctaaaactgcaacccaaattgccgacttcggttctaaaatcggtttcaa 1 tin 

TATTTCGAGTTCCGCCTTTTAGATTTTGACGTTGGGTTTAACGGCTGAAGCCAAGATTTTAGCCAMGTT 
YK AQG GKSKTATQ1ADFGSK I G IF K 

AGGTCAAGAAGACCTCGGCAACGGCATGAAAGCCATTTGGCA6TTGGAACAAAAAGCCTCCATCGCCGG r «? 10 
TCCAGTTCTTCT6GAGCCGTTGCCGTACTTTCGGTAAACCGTCAACCTT6TTTTTCGGAGGTAGCGGCC6 

GQ EDLGNGMKAIWQLEQ K ASI AG 

ACTAACAGCGGCTGGGGTAACCGCCAGTCCTTCATCGGCTT6AAAGGCGGCTTCGGTACCGTCCGCGCGG 280 
TGATTGTCGCCGACCCCATTGGCGGTCAGGAAGTAGCCGAACTTTCCGCCGAA6CCATGGCA6GCGCGGC 

TNS GVG NRQSF I G L K GG FGTV R A 

GTAATCTGAACACCGTATTGAAA6ACAGCGGCGACAACGTCAATGCATGGGAATCTGGTTCTAACACCGA 350 
CATTAGACTTGTGGCATAACTTTCTGTCGCC6CTGTTGCAGTTACGTACCCTTAGACCAAGATTGTGGCT 

GNLNTVLK DSGDNVNAWE SGSNTE 

AG ATGTACTGGG ACTGGGTACTATCG GTCGTG TAG AAAGC CG TGA AATCTCCGTACGCTACGACTCTCC C U20 
TCTACATGACCCTGACCCATGATAGCCAGCACATCTTTCGGCACTTTAGAGGCATGCGATGCTGAGAGGG 

DV LGLGTIGRVESREIS.VRY. DSP 

GTATTTGCAGGCTTCAGCGGCAGCGTACAATACGTTCCGCGCGATAATGCGAATGATGTGGATAAATACA 490 
CATAAACGTCC6AAGTCGCCGTC6CATGTTATGCAAGGCGCGCTATJACGCTTACTACACCTATTTATGT 

VFAGFSGSVQYVPRDNANDVDKY 

AACATACGAAGTCCAGCCGTGAGTCTTACCACGCCGGTCTGAAATACGAAAATGCCGGTTTCTTCGGTCA 560 
TTGTATGCTTCAGGTCGGCACTCAGAATGGTGCGGCCAGACTTTATGCTTTTACGGCCAAAGAAGCCAGT 

KHTKSSRESYHAGL K YENA GF FGQ 

ATACGCAGGTTCTTTTGCCAAATATGCTGATTTGAACACTGATGCAGAACGTGTTGCAGTAAATACTGCA 630 
TATGCGTCCAAGAAAACGGTTTATACGACTAAACTTGTGACTACGTCTTGCACAACGTCATTTATGACGT 

YAGSFAKY ADLNTDAERVAVNTA 

AATGCCCATCCTGTTAAG6ATTACCAA6TACACCGCGTAGTTGCCGGTTACGATGCCAATGACCTGTACG 700 
TTACGGGTAGGACAATTCCTAATGGTTCATGTGGCGCATCAACGGCCAATGCTACGGTTACTGGACATGC 

NAHPVKDYQVHRVVA GYDANDL Y 

TTT?T5F GCCGGTCAGTAT6AA6CT6CTAAAAACAACGA 6GTTGGTTCTACCAAGGGTAAAAAACACGA 770 
AAAGACAACGGCCAGTCATACTTCGACGATTTTTGTTGCTCCAACCAAGATGGTTCCCATTTTTTGTGCT 

VSVAGQYEAAk' NNEVGSTKGKKHE 

GCAAACTCAAGTTGCCGCTACTGCCGCTTACCGTTTTGGCAACGTAACGCCTCGCGTTTCTTACGrrrii'- AUO 
CGTTTGAGTTCAACGGCGATGACGGCGAATGGCAAAACCGTTGCATTGCGGAGCGCAAAGAATGCGGGTG 

Q T Q V A A T A A Y R F G K 1 V T P R v S Y A H. 
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6FKAK VN6VK0ANYQYDQVI VG A 
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HB3YpTrvl-5/pET24A -> 1- phase Translation 

DNA sequence 942 b.p. ATCgacgttacc ... caeaaattctaa linear 
1/1 31/11 

ATC gac gtt acc ctg tac ggc acc att aaa gca ggc gta gaa act tec cgc tct gta ttt 
Met asp val thr leu tyr gly thr ile lys ala gly val glu thr ser arg ser val phe 
61 / 21 91 / 31 

cac cag aac ggc caa gtt act gaa gtt aca acc get acc ggc ate gtt gat ttg ggt teg 
his gin asn gly gin val thr glu val thr thr ala thr gly ile val asp leu gly ser 
121 / 41 151 / 51 

aaa ate ggc ttc aaa ggc caa gaa gac etc ggt aac ggc ctg aaa gee att tgg cag get 
lys ile gly phe lys gly gin glu asp leu gly asn gly leu lys ala ile trp gin val 
181 / 61 211 / 71 

gag caa aaa gca tct ate gee ggt act gac tec ggt tgg ggc aac cgc caa tec ttc ate 
glu gin lys ala ser ile ala gly thr asp ser gly trp gly asn arg gin ser phe lie 
241 / 81 271 / 91 

ggc ttg aaa ggc ggc ttc ggt aaa. ttg cgc gtc ggt cgt ttg aac age gtc ctg aaa gac 
gly leu lys gly gly phe gly lys leu arg val gly arg leu asn ser val leu lys asp 
301 / 101 331 / 111 

acc ggc gac ate aat cct tgg gat age aaa age gac tat ttg ggt gta aac aaa att gee 
thr gly asp ile asn pro trp asp ser lys ser asp tyr leu gly val asn lys ile ala 
361 / 121 391 / 131 

gaa ccc gag gca cgc etc att tec gta cgc tac gat tct ccc gaa ttt gec ggc etc age 
glu pro glu ala arg leu ile ser val arg tyr asp ser pro glu phe ala gly leu ser 
421 / 141 4S1 / 151 

ggc age gta caa tac gcg ctt aac gac aat gca ggc aga cat aac age gaa tct tac cac 
gly ser val gin tyr ala leu asn asp asn ala gly arg his asn ser glu ser tyr his 
481 / 161 511 / 171 

gee ggc ttc aac tac aaa aac ggt ggc ttc ttc gtg caa tat ggc ggt gee tat aaa aga 
ala gly phe asn tyr lys asn gly gly phe phe val gin tyr gly gly ala tyr lys arg 
541 / 181 571 / 191 

cat cat caa gtg caa gag ggc ttg aat att gag aaa tac cag att cac cgt ttg gtc age 
his his gin val gin glu gly leu asn ile glu lys tyr gin ile his arg leu val ser 
601 / 201 631 / 211 

ggt tac gac aat gat gec ctg tac get tec gta gee gta cag caa caa gac gcg aaa ctg 
gly tyr asp asn asp ala leu tyr ala ser val ala val gin gin gin asp ala lys leu 
661 / 221 691 / 231 

act gat get tec aat teg cac aac tct caa acc gaa gtt gec get acc ttg gca tac cgc 
thr asp ala ser asn ser his asn ser gin thr glu val ala ala thr leu ala tyr arg 
721 / 241 751 / 251 

ttc ggc aac gta acg ccc cga gtt tct tac gec cac ggc ttc aaa ggt ttg gtt gat gat 
phe gly asn val thr pro arg val ser tyr ala his gly phe lys gly leu val asp asp 
781 / 261 811 / 271 

gca gac ata ggc aac gaa tac gac caa gtg gtt gtc ggt gcg gaa tac gac ttc tec aaa 
ala asp ile gly asn glu tyr asp gin val val val gly ala glu tyr asp phe ser lys 
841 / 281 871 / 291 

cgc act tct gee ttg gtt tct gee ggt tgg ttg caa gaa ggc aaa ggc gaa aac aaa ttc 
arg thr ser ala leu val ser ala gly trp leu gin glu gly lys gly glu asn lys phe 
901 / 301 931 / 311 

gta gcg act gee ggc ggt gtc ggt ctg cgc cac aaa ttc taa 
val ala thr ala gly gly val gly leu arg his lys phe ©e*- 
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Hen. Class 3 opt. -> 1 -phase Translation 



DNa sequence 942 b.p. ATCgacgtCacT ... cacaaattctaa linear 



1/1 31/11 
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91S6 b.p. AGATCgcggeeg ... OCCCCGACOCAC 



1 
61 
121 
181 
341 
301 
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€01 
£61 
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2341 
2401 
2461 
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2S81 
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2701 
2761 
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2B81 
2941 
3001 
2061 
3121 
3181 
3241 
3301 
3361 
3421 
3481 
3S41 
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I 10 
ACATCgcggc 
CCACATCCAC 
CCAOCAGACC 
GATOCAAAAA 
ATTAOGCTAC 
ATCTTTGTTT 
A OO 0 C I TTCT 
TTTAAACOCT 
CTTTCCTTCC 
TACCCTTTCT 
AOCOCACTCT 
AACaACCCCC 
GCTGGCAATA 
CTTCACACCC 
TCATTATTAC 
CGACCTTTAA 
CATCgacgtc 
ccaccagaac 
gaaaateggc 
tgagcaaaaa 
cggcttgaaa 
caeeggcgac 
cgaacccgag 
cggcagcgta 
cgccggcttc 
acateatcaa 
cggttacgac 
gactgaCgct 
cttcggcaac 
tgcagacata 
acgcacttct 
cgtagcgact 
AC TCT TCC TC 
CACCATCTCA 
TTGTAACCTA 
TCCTCATCAG 
TCCAGTTTCA 
ACAACTTCCT 
TTCCTAACCC 
CACCCTCACC 
GCGGCATATC 
TCCGTTGATC 
CCCCCCACTC 
CACACCCCTC 
TAACTCCCAC 
CAGCACCCAC 
CTGAAGTGAT 
CCTACCTTCC 
ACCCACCAAC 
CCATTTCCAC 
ACCTTCCAAC 
CCAACTCCAC 
TATCGACACC 
CTCACGCAAC 
CACCACCCAT 
CACTAACCAA 
CCTAACCCAT 
CCTTC T'CCCC 
CAAAAACAAT 
AACCCAGAAT 
AACGACACCA 
CATCCAATTT 
ATTCCATAAC 
CAAACTTCCC 



I 20 
cgcgatctaA 
ACGTCCATTC 
CTTCCAAACC 
CCA0COCAGT 
TAACAOCATC 
ATTTCOCAAT 
CAGTGTGGCC 
CTCTT OGA AC 
TTGAAATGCT 
CTTCTTTCGT 
CTCTATCCCT 
TTTTTCCATG 
CTGCTCATAC 
AATATATAAA 
CTTACTTTCA 
CCACAACTTC 
actttgtacg 
ggccaagtta 
t t caaaggcc 
g cat eta teg 
ggcggctccg 
atcaatectt 
gcacgcctca 
caatacgcgc 
aactacaaaa 
gtgcaagagg 
aatgatgccc 
tccaattcgc 
gtaacgcccc 
ggcaacgaat 
gccttggttt 
g ccgg cggtg 
ACTTCAACTT 
CAATCCCATT 
TATACTATAC 
CCTATCTCCC 

tct i men i 

TTCTGCAAGC 
ACTCACCCAC 
CTCCATGCTC 
CTCCATTCCC 
CAATTTCTAT 



CTCTCGATCT 
TTTCTCCATA 
ATCCATCACT 
GAACTTCTCC 
CAAA CTG T CC 
AAACACACAT 
CATCAACTCT 
CCATAOCGTT 
ACCTTGCTTC 
CAACAGAATC 
CAAATCTCCA 
CTCAATACTA 
CTCCTTTCCT 
ACCACCTACT 
AACCTAGATC 
TTCTTTCCAA 
TCCCCTTCCA 
CACTACACCA 
CCTCACCTTA 

ACTTACTTCT 



I 30 
eatccaaaga 
TCACACATAA 
CACGACCTCC 
TAT70GCCTT 
AJCTTTATTAG 
GCAACAAGCT 
TCAAATACTT 
CTAATATCAC 
AACCCCCaGT 
ATTCATPCAC 
TCTCAACCOC 
ATTATCCATT 
OCTAACCTTC 
CACAAGGAAC 
TAATTCCCAC 
AGAACATCAA 
gtactattaa 
ctgaagttac 
aagaagacct 
ccggtactga 
gtaaattgcg 
gggacagcaa 
tttccgtacg 
ttaacgacaa 
acggtggctt 
gcttgaatat 
tgtaegctte 
acaactctca 
gagtctctta 
acgaccaagc 
ctgccggttg 
ttggtctgcg 
GGGCATTACC 
T CCCTCACAG 
CATTTTTTTT 
AGC TGATGA A 
GCTATTTCCC 
TTATCCATAA 
CCTCTATCAA 
TAGGCATAGG 
ACAGCATCCC 
CCGCACCCGT 
CGCTACTTCG 
ATCCAATCTA 
OCAACCTTAA 
CCTTOOCCAA 
AACGTPGCAG 
TTCGTAOCCC 
CCACCCTCTT 
TCACCACCCT 
CTAGACTCTC 
TGAACAGCAT 
ACCTGOGAAT 
TCAGCCTATT 
CACACCCCTC 
CCACCAAATA 



ACTTCTCGGG 
CCACCAACTT 
CCACGAATAT 
GGCCAACTCT 
TCTATACAGA 
AAACGACCTT 
AAAACCCCTT 



| 40 I SO | 60 

CCAAAGCTTG AATOAAACCT TTTTGCCATC 60 
CTGCCAAACC CAACAGCACG CGA TACACTA 120 

a c - iiviutc tcctcaacac c cAcrmuc ieo 

CATTCGACCT CGCTCATTCC AAl'llX TlLT 240 
CCTGTCTATC CTOGCCCCCC TCOCCACCTC 300 
CCOCATTACA CCCQAACATC ACTCCAGATG 360 
TCATCTTCCC AAATCOCCCA AAACTGACAC 420 
AAAACCCTGA TCTCATCCAA CATCAACTAA 480 
TCCTCAAAAA CXAACTICCA AAAGT OCCCA 540 
CAATCCTCAA AAATAATCTC ATTAATCCTT 600 
CTCGCACCTC TCCCCAAACC CAAATCCCGA 660 
CTCCTCCACA TTGTATGCTT CCAACATTCT 720 
ATGATCAAAA TTTAACTCTT CTAACC CCTA 780 
CIXAAXTCTC TTAAACCTTT TTTTTTATCA 840 
TCCTTOCAAT TCACAACCTT TTCATTTTAA 900 
AAAACAACTA ATTATTCCAA ACCACCAATT 960 
ggctggtgtt gagacttccc gctctgtatt 1020 
aaccgctacc ggcategttg attegggetc 10BO 
eggtaaegge ctgaaageca tttggcaggt 1140 
ccccggctgg ggcaaccgcc aatccttcat 12O0 
cgtcggccgt ttgaacagcg tcctgaaaga 1260 
aagegactat ttgggtgtaa acaaaaccgc 1320 
ctacgactct cccgaatttg ccggcctcag 1380 
tgcaggcaga cataacagcg aatcccacca 1440 
cttcgtgcaa caeggeggtg cctataaaag 1SO0 
tgagaaatac cagattcacc gttcggtcag 1560 
cgcagccgta cagcaacaag acgcg**act 1620 
aaccgaagtt gccgctacct tggcataccg 1680 
cgcccacggc ttcaaaggtc cggttgatga 1740 
ggttgtcggt gcggaatacg acttctccaa 1800 
gttgcaagaa ggcaaaggcg aaaacaaatt 1860 
ccacaaattc taaCAATTCC CTTACACATC 1920 
AGAACACCCC TCTTGCTACA TTCTAATCAA 1980 
ATCCACCCTT CATTTTTCAT ACTTTTTTAT 2040 
CTCATTTTCT TTCTTCTCCT ACCACCTTCC 2100 
TATCTTCTGC TAGGGGTTTG GCAAAATCAT 2160 
ACTCCTCTTC ACACTACACA AGATTAACTC 2220 
CCTTTAATCC CCTAGTTTAT CACACTTAAA 2280 
ATCTAACAAT CCCCTCATCC TCATC CTCCG 2340 
CTTGCTTATC CCCCTACTCC CGGGCCTCTT 2400 
CACTCACTAT CCCCTCCTCC T AGCCC TATA 2460 
TCTCGCAGCA CTCTCCCACC CCTTTCCCCC 2520 
ACCCACTATC CACTACCCCA TCATCCCCAC 2580 
AATCTAACTT AAAATCTCTA AATA ATTA AA 2640 
CAGCATTCCC CTGAGCATCT ACAC CTTCAA 2700 
TATGTTTCAC TCCCTCACGA CTTACCTCTT 2760 
TCTTAACTCC CCTCTATTGA CGGOCATATC 2820 
AGCACTAATC TCCACAACTC TCTCGACACT 2880 
CTACTTCATC AACATAAGAA CAAGCATTCT 2940 
ACTCATTGGA CATTTCCAAA CCCTCCTCCT 3000 
CAATACACTT CCGTACAATT TCAACCCTTC 3060 
CTTCAATTCT GGCAACCTCC TTCTCTCTCA 3120 
CAATACCATC TTCAGCTTCA CACAGAAGGT 3180 
TATCAGCAAT AACTAGAACT TCACAAGCCC 3240 
ATCTCTCA7T TTCAACCATC ATCTTCGCAC 3300 
TTTTCTCACA CTTACCAACA CTTTCTCTTC 3360 
CTCCTCCTAC CACGATACAC TTACCACCAA 3420 
TAAGGCTACC ATCCTTCTTA CCTCCACATC 3480 
TCGCAGCAAC ACCCAGCATC A GGCAACT CC 3540 
AGAGGCCAAC TTTCTCAATA CCTCTTCCAA 3600 
CAACTTCCAA CCTCTCCCTT ACTTCACCTT 3660 
CATCAATCCC TCTCTTAACC TTATCTGCCA 3720 
CTAACACACC TCTCTTCAA* GCGAC TCCAT 37BO 
TCTCACCA7T TTGACCAACA TTCTCCACAA 3840 
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3841 TTCCTTTCAC TAATTCCATA ATCTCTTCCO 
3901 CAATTTCTTO TGAGCAGOCC TXA0AAACOT 
3961 A AGCCACTTC TTTA OU mu CATTCTICTT 
4021 CATCTCCTTT CCTTCTAOTO AOCTTTA0CC 
4081 CCAAOGTCAC ACOGTACTTO CCACATCTAA 
4141 C3CCAOCCTAT ATCTTOCTTC CATTTAOCTT 
4201 TACCCTTCAA CAAAACTTOO TCCTCAAATA 
4261 TCCTCTTACC ATCCCACAAC CTOOCTTOCA 
4321 AQGAACTCCC TTCCAACTOA CAGAAAOCAA 
4301 ACTC TCCATC ACAATOCAAT TOGATACCCA 
4441 CTTTATACCA CAAACCCTCA CCAOGACATT 
4501 CCCGAATAGA CTTTTTOGAC CAOTACACCA 
4561 CCAAACTACT GAATAQACCA TCOGOGC0CT 
4621 TSACACCCAA CTTTTTQACA TCTTCAGAAA 
4681 CAATAATCCG GATTATAOCA CAAGCAACAC 
4741 CACAAAAACC ATAAACAGTT CTACTACCCC 
4801 CAGAACAAAA ACGCACACCC ATACTAOCAT 
4861 CQCTCCTATA GATAACCCTA CCCCCTO3GA 
4921 CTACCTCCAA AATCACTTCA TTQATAOCAT 
4981 CCTCCTCAAA TTGGTGL'llT CTAACCOATC 
S041 TCCATTCACT CAACTTCATC ACGTOTCCA 
5101 TTCCTACCAA ACTCAACCAA TTATCAAACT 
5161 GAAATGTCAT ACTTCAAOTC CCACAGTCAG 
5221 TTTATTATCA CTCACTCACT CATCAGGAGA 
5281 TCACCCCCCC CACACCTGCC CTTGCTCCCC 
5341 ATCCGCCTCC CCACTTCGGC CTCATGAGCC 
5401 CCGTGGCCGC CGGACTCTTG CCCCCCATCT 
5461 TCCTCAACCC CCTCAACCTA CTACTGGGCT 
5521 ACCCTCCACT ATCTATCATT CCAACTATGC 
5581 TCACCTCTCC TATCAGATTA TCCCCAACTA 
5641 ATTTCTCTGA CTTTTCCTCA TCACTACACT 
5701 CAGAAATGTC CTTCTTCCAC ACACTAAATC 
5761 CACCAACAAA C ' UlUim OCAACTTTTT 
5821 ATATGTCCGC TACGAATCCA CCGCCCAAAT 
5861 AGCCTTTCTA CATACTCATC OCAACTTCAC 
5941 CCGAATCCAC AGAAATCAAA CTTCTTTCTC 
6001 AACTCACAAT AGTCTGCTCG TCTTTTCAGC 
6061 ATCTAAATAA TCTTCACGAC OCAAGOOCAT 
6121 GTTAAAACCA CAACTATCTC TOCCTCT A TT 
6181 CATCAACTTC ACCCGCACTA TCTTCTTTTA 
6241 AAA GCTACC C TGATTTTAAA CCTGAAATTT 
6301 ATAACTCTTA TTTTTCACTC TTCCCCATCT 
6361 CCTTATCGAT CATAACCTGT CAAACATGAC 
6421 AGAAATCTTC AACACCAAAG OGCCTCCT GA 
64BX YAATAAT CCT TTCTTACACC TCACCTCCCA 
6541 TTTCTTTATT TTTCTAAATA CATTCAAATA 
6601 AAATCCTTCA ATAATATTCA AAAACCAAGA 
6661 TTATTCCCTT TTTTCCCCCA riTiUJCTlV 
6721 AACTAAAACA TCCTGAAGAT CACTTCOCTG 
6781 ACAGCGCTAA CATCCTTCAC ACTTTTCCCC 
6841 TTAAAGTTCT CCTATGTCGC GCGGTATTAT 
6901 CTCCCCCCAT ACACTATTCT CAGAATGACT 
6961 A1CTTACCCA TCGCATCACA CTAACAGAAT 
7021 ACACTCCCGC CAACTTACTT CTGACAACCA 
7081 TCCACAACAT CCCCCATCAT CTAACTCCCC 
7141 CCATACCAAA CGACGACCGT CACACCACCA 
7201 AACTATTAAC TCCCCAACTA CTTACTCTAC 
7261 ACCCGCATAA ACTTCCACCA CCACTTCTGC 
7321 CTCATAAATC TCCACCCCCT GAGCCTGCCT 
7381 ATCCTAACCC CTCCCCTATC GTAGTTATCT 
74 41 AACCAAATAC ACACATCCCT GAGATACCTC 
7501 ACCAACTTTA CTCATATATA CTTTACATTC 
7 561 AAATTCCCCT TAAATTTTTC TTAAATCACC 
7621 AAAATCCCTT ATAAATCAAA ACAATACACC 
7681 AACAACACTC CACTATTAAA CAACGTCCAC 
77 41 CACCCCCATC CCCCACTACC TCAACCATCA 
7801 CCTAAACCAC TAAATCCGAA CCCTAAAGCC 
7861 CCCCCCAACC TCCCCACAAA CCAACCCAAC 
7921 CCAACTCTAC CCCTCACCCT CCCCCTAACC 
7 961 CACCGCCCCT AAAACCATCT ACCTCAACAT 
8041 TTAACCTCAC TTTTCCTTCC ACTCACCCTC 
8101 TTCACATCCT TTTTTTCTCC CCCTAATCTC 



TTTTCT0GAT AOGAOCACCA ACOGCATCTT 3900 
CAATTTTOCA CAATTCAATA OOAOCTTCAG 3960 
TAOOTTOTTC CTTCCTCTAT cmtA ^lAC O 4030 
ACTTCATATC CAOGTTTCTC TCCA CC TCCT 4080 
CTAATCCAAA ATAAAATAAO TCACCACATT 4140 
CTCCAAQTTC ATCAGCTTOC TCCCTAATTT 4200 
ACCCTTTOGT ATAAGAACCT TCTOGAGCAT 4260 
TCGCTCTAAG ACCCTTTGAT TGOCCAAAAC 4320 
CACCTCTTTO TTCAACCACA AATTTCAAGC 4380 
CCAACTTTTO ACTTCCTCCA CATCTACCAC 4440 
CCTACACTCC AGTTTCTCTC CTTATACCCT 4500 
CCCCCAACCA GTAATTACAA CACTCAGCCA 4560 
CAGTAGTCAA AGACCCCAAC AAAATTTCAC 4620 
CTTOCTATTC ACTACTCAAT TCCCGACCAT 4680 
TCGAACTCAC ATCTACCAAC TTTCCOCTCT 4740 
CATTACTGAA ACTTTTCAAA TCCCCCACTG 4800 
TACCGGGCAA CCATCCAACT TTATCAACCA 4860 
TCATCCTTPC CACAACTCTT TCTCCCAAAT 4920 
TATTCTACAA CTTCACCAAC TTCTCCATCA 4980 
ACTCAACTTC CACATTAACT TCAACCTCAC 5040 
CCTCCTCACC ACCATACCGA AACACCCCTT 5100 
CTCCAACACT TGCGTATCCA CCTAGCAACG 5160 
TCTA CTCTTO AGAAATTCTC AACCCCTATT 5220 
TCCTCTACCC CGGACCCATC CTCCCCCCCA 5280 
CCTATATCCC CCACATCACC CATCGCCAAC S3 40 
CTTCTTTCCG OCTCCGTATC CTCGCAGCCC 5400 
CCmCCATCC ACCATTCCTT CCCGCGCCCC 5460 
GCTTCCTAAT CCACCACTCC CATAACCCAC 5520 
CAATCCTCAT ACCCCCATTC TTCACTCTCT 5580 
AACCAACCCC AGCACGAGAT TTCATCCTAA 5640 
CCAACTCTCA CACTATCTCC CTTATCACAC 5700 
AACTCCCACC AATAAAGAAA TCCTTGTTAT 5760 
CG G UXlTK ; AACTATAAAA TCTAGACTCC S820 
CCTTACCTTC TCGACCTTCA AGACGTATCT 5680 
TCACAACCTT CCTATTTCCT TCAAACCATT 5940 
TACTATTCAT CCAACCCACT CCCCTCTTCA 6000 
TCATCTTTCT ATCAATAAAT CTACTCTTTC 6060 
AAATACCCAA ATCTAAAACT C T TTT AAAAC 6120 
AAACCCCAAA TCACCTCCTA CTCTCATCCT 6180 
CAGAAATTTG CGGACATCCG ATATCGACAA 6240 
ATCTCAACAT CgcggccCCC ATCTCCAATA 6300 
CCCTCTATTT CACAATACCA ACATCACTCA 6360 
AATTAATTCC ATCATAACCT CTCAAACATC 6420 
TACCCCTATT TTTATACGTT AATCTCATCA 6480 
CTTTTCCGGC AAATCTCCCC CGAACCCCTA 6540 
TGTATCCCCT CATCACACAA TAACCCTCAT 6600 
CTATCACTAT TCAACATTTC CCTGTCCCCC 6660 
CTCTTTTTCC TCACCCACAA ACCCTCCTCA 6720 
CACCACTCGC TTACATCCAA CTCGATCTCA 6780 
CCCAACAACC TTTTCCAATC ATCAGCACTT 6840 
CCCCTCTTCA CCCCGCGCAA CACCAACTCC 6900 
TCGTTCACTA CTCACCACTC ACACAAAACC 6960 
TATGCACTCC TGCCATAACC ATCACTGATA 7020 
TCGCACCACC CAAGCACCTA ACCCCTTTTT 7080 
TTCATCCTTC CCAACCCCAC CTCAATCAAC 7140 
TCCCTCCACC AATCCCAACA ACCTPCCCCA 7200 
CTTCCOCCCA ACAATTAATA CACTCGATGC 7260 
CCTCGCCCCT TCCCCCTCCC TCCTTTATTC 7320 
CTCGCOCTAT CATTCCAGCA CTCCCCCCAC 7380 
ACACCACGGC CACTCAGCCA ACTATCCATC 7440 
CCTCACTCAT TAACCATTCC TAACTGTCAC 7500 
ATTTAAATTC TAAACCTTAA TATTTTCTTA 7560 
TCATTTTTTA ACCAATACGC CGAAATCCCC 7620 
CACATACCCT TCACTCTTCT TCCACTTTCC 7680 
TCCAACCTCA AACCCCCAAA AACCCTCTAT 7740 
CCCTAATCAA CTTTTTTGCC CTCGACCTCC 7800 
ACCCCCCCAT TTAGACCTTC ACCGGGAAAC 7 860 
AAACCCAAAC GAGCCGCCCC TACCCCCCTC 7920 
ACCACACCCC CCCCCCTTAA TCCCCCCCTA 7980 
CCTTTTTCAT AATCTCATCA CCAAAATCCC 8040 
ACACCCCCTA CAAAAGATCA AACCATCTTC 8100 
CTCCTTCCAA ACAAAAAAAC CACCCCTACC 8160 
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•221 CA0CAGA0CG 
•281 CAAOAACTCT 
•341 TOCCACTCCC 
£401 OQOQCACQGO 
•461 CTACACCGAA 

•521 caoaaaqccc 
•s81 octtocaccc 
•641 tsagostcca 

8761 CXTATCCCCT 
8821 CCGCAGCCGA 
8881 O0CGTATTTT 
8941 TACAATCTCC 
9001 T BC CTCATSC 
9061 CTCCTCCCGG 
9121 AGCTT7TCAC 
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TQTTTOCGGQ 
CAQAT AOCAA 
OTAOCAC COC 
CXTAA C TO C T 



ATCAAOAOCT 
A3ACIOT0CT 
CTACATACCT 
CTCTTAGCOO 
C0QQCO0TTC 



CTGAGATACC 
GAGAQGTATC 
CGAAACCCCT 

TrrrrcroA T 

TTACCGTTCC 
CATTCTCTOa 
ACGACCGACC 
CTCCTTACCC 
TCTCATGCCG 
CTC0G000C0 
G ATOCOCTTA 
CCTCATCACC 
f 20 



COGTAAOOCC 
GCTATCTTTA 
GCTCCTCACC 
TOOCCTTTT C 
ATAACCCTAT 
OCACOCACTC 
ATCTCTQO SC 
CATACTTAAG 
ACACOCOOCA 
CAGACAAGCT 
CAAACOOGCC 
! 30 



AOCA ACTCT T 
TCTAGTCTAG 
OOCTCIUCTA 
CTTOCACTCA 
CTOCACACAC 
OGATTCAGAA 
CAGCCTCGCA 
TACTCCTGTC 
O3QGC0SACC 
CTOCCCTTTT 
TACCOCCTTT 
ACTCAOCCAG 
TATTTCACAC 
CCACTATACA 
ACACCOXTC 
CTCACCCTCT 
AGOCAC 

I 40 



TTTCOflAAOO 
CCCTACTTAG 
ATOCTCTTAC 
ACLAOCATACT 
O0CAOCTTCG 
AO CO CCAOOC 
ACAOGACACC 
OGCTTTCOCC 
CTATCGAAAA 
GCTCACATCT 
CACTGAOCTC 
CAAOCCGAAC 
CQCATATOCT 
CICCCCTATC 
ACCCOCOCTC 
COCGGACCTC 

I 50 



TAACTCOCTT- 8220 
OOCACCACTT 8280 
CACTXMCTCC 8340 
TACCOGATAA 8400 
AOCGAAOCAC 8460 
TTCCOCAACO 8520 
CGACCAGOCA 8580 
ACCTCTCACT 8640 
AOCCCAGCAA 8700 
TCT T TCCTCC 8760 
ATACCOCTCC 8820 
AQCCCCTCAT 8880 
GCACTCTCAC 8940 
GCTACCTGAC 9000 
AOOCOCTTCT 9060 
CATSTST CA C 9120 
9156 

I 60 
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EtU Mquaaee 9191 b.p. AGATCTAACATC ... ACTTATTATTCC linear 



I 10 I 20 r 30 
1 AGATCTAACA TCCAAAGACO AAAGCTTGAA 
61 GTCCATTCTC ACACATAACT OCCAAAOCCA 
121 TCCAAACGCA CGACCTCCAC IXXTCT T CTC 
281 ACCCCACTTA TTOQQC1TQA TPCGAOCTCC 
241 ACACCATGAC TTTATTAOOC TCTCTATCCT 
301 TTCCGAATCC AACAAOCTCC OCATTACACC 
361 CT0T0GCCTC AAATACTTTC ATCTTCOCAA 
421 CTTCGAACCT AATATGACAA AAOCOT0ATC 
481 GAAATCCTAA CGOCCAOTTO CTCAAAAAGA 
541 TOTTTGGTAT TGATTGAOQA ATCCTCAAAA 
601 C TAT O CC TTC TOAACOCCCT OCC AC CTS rC 
661 TITGCATCAT TATCCATTCT CCTCCACATT 
721 CCTCATACCC TAACCTICAT GATCAAAATT 
781 TATATAAACA CAAGGAAGCT OOCCTCIC Tr 
841 TACTTTCATA ATTCCGACTC CTTCCAATTC 
901 ACAACTTGAC AAGATCAAAA AACAACTAAT 
961 CCTTGCAAAT TATTTTACCT TTCCCTACTT 
1021 tgtacggtac tattaaggct ggtgttgaga 
1081 aagttactga agttaeaacc gctaccggca 
1141 aaggccaaga agaccccggt aacggcctga 
1201 ctatcgccgg tactgactcc ggttggggca 
1261 gcttcffgtaa atcgcgcgtc ggtcgtttga 
1321 atccttggga tagcaaaagc gactatttgg 
1381 gcctcatttc cgtacgctac gattctcccg 
1441 acgcgctcaa cgacaatoca ggcagacata 
1501 acaaaaacgg tggcttcetc gtgcaatatg 
1561 aagagggctt gaatattgag aaataccaga 
1621 atpccctgta cgcttccgta gccgtacagc 
1681 attcgcacaa ctctcaaacc gaagttgccg 
1741 cgccccgagc tccttacgcc cacggettca 
1801 acgaacacga ccaagtggtt ytctygcgcgg 
1861 tggtttctgc cggttggttg caagaaggca 
1921 gcggtgtcgg tctgcgCcac aaattctaaT 
1961 TCAACTTCCG CATTACGAGA AGACCCCTCT 
2041 TCCCATTTCC CTCAGACATG CACCCTTCAT 
2101 AGTATACGAT T TVVmWV ATTTTGTTTC 
2161 ATCTCCCACC TGATGAATAT CTTCTCGTAG 
2221 TTTTCTTCCT ATTTCCCACT CCTCTTCAGA 
2281 TGCAACCTTA TCCATAAGCT TTAATCCCCT 
2341 CAGGCACCCT CTATGAAATC TAACAATCCC 
2401 GATCCTCTAC CCATAOGCTT GGTTATCCCC 
2461 CATTCCCACA GCATCCCCAG TCACTATGCC 
2521 TTTCTATGCG CACCCCTTCT CGCACCACTC 
2581 CTCGCTTCCC TACTTGGAGC CACTATCGAC 
2641 TGGATCTATC GAATCTAAAT CTAAGTTAAA 
2701 CTCCATACCA ACCTTAACAO CATTCCCCTG 
2761 CATCAC TCCT TCCCCAATAT CTTTCACTCC 
2821 CTTCTCGAAC CTTGCAGTCT TAACTOO CC T 
2881 AGTOTGGTTG CTACCOOACO ACTAATCTCC 
2941 CA CAGATCC A GCGTCTTGTA CTTGATCAAC 
3001 CAACTSTTCA GGAGCGTACT GATTGGACAT 
3061 TAGCGTTGTA GACTGTGCAA TACACTTGCC 
3121 TTGCTTGTGA ACACCATCTT CAATTCTGCC 
3181 CAGAATCACC TGGGAATCAA TACCATCTTC 
3241 ATCTGCATCA CCCTATTTAT CACCAATAAC 
3301 AATACT ACAC ACCCCTGATC TCTCATTTTC 
3361 CTTTCCTCGA CCAAATATTT TCTCACACTT 
3421 AGCTACTCCC TGGCCGCCTC CTCCTAGCAC 
3481 GTACATCACT TCTCGGGTAA GCGTACCATC 
3541 TTTCCAACCA CCAACTTTCC CACCAACACC 
3601 GCTTCCACCA CGAATATAGA CCCCAACTTT 
3661 TA CACC ACCC CAACTCTCAA CTTCCAACCT 
3721 CACGTTATCT ATACAGACAT CAATCCCTCT 
3781 CTCTCCCAAA CCACCTTCTA ACACACCTCT 



I 40 I 50 I 60 
TCAAAOCTTT TTGCCATCCG ACATCCACAO 60 
ACAGGAGCCC ATACACTACC AOCAGACCCT 120 
CTCAACACCC A CTTTT0CC A TCGAAAAACC 180 
CTCATTCCAA TTCCTTCTAT TAGGCTACTA 240 
Q0OCCCCCT 0 OCCAOCTCAT CTTTOTTTAT 300 
COAACATCAC TCCACATGAQ OOCTTTCTQA 360 
ATGGCCCAAA ACTGACAGTT TAAACOCTGT 420 
TCATCCAACA TCAACTAAGT TTQCTTCCXT 480 
AACTTOCAAA AGTCCCCATA OOSTTTCTCT 540 
ATAATCTCAT TAATCCTTAG COCAGTCTCT 600 
OCCAAAOCCA AATGGGGAAA CAACCCCCTT 660 
GTATGCTTCC AAGATTCTGC TOGGAATACT 720 
TAA CTC1TCT AACCCCTACT TCACAGCCAA 780 
AAACCTTTTT TTTTATCATC ATTATTACCT 840 
ACAACCTTTT GATTTTAACG ACTTTTAACG 900 
TATTCCAAAC GATCTTCTCT CCAATTTTCT 960 
TCCAATCTCT CTTCCCTCCA gaegtcacct 1020 
cttcccgctc tgtatttcac cagaacggcc 1080 
tcgctgattt gggttcgaaa atcggc&tca 1140 
aagccacttg gcaggttgag caaaaagcat 1200 
accgccaacc cttcatcygc ttgaaaggcg 1260 
acagcgtcct gaaagacacc ggcgacatca 1320 
ftgtaaacaa aattgccgaa cccgaggcac 1380 
aacttgccgg cctcagcggc agcgtacaat 1440 
acagcgaatc ttaccacgcc ggctccaact 1500 
Ccggtgccta taaaagacat caccaagtgc 1S60 
ttcaccgctt ggtcagcggt tacgacaatg 1620 
aacaagacgc gaaactgact gatgcttcca 1680' 
ccaccttggc ataccgcttc ggcaacgtaa 1740 
aaggtctggt tgatgatgca gacataggca 1800 
aatacgacet ccccaaacgc acttctgcct 1860 
aaggcgaaaa caaattcgta gogactgccg 1920 
CTGCATCCTT AGACATGACT CTTCCTCAGT 1980 
TCCTAGATTC TAATCAACAC CATCTCAGAA 2040 
TTTTGATACT TTTTTATTTC TAACCTATAT 2100 
TTCTCCTACC ACCTTCCTCC TGATCAGCCT 2160 
GGCTTTCCGA AAATCATTCG AGTTTCATCT. 2220 
CTACACAAGA TTAAGTGAGA ACTTC CTTTC 2280 
ACTTTATCAC ACTTAAATTC CTAACCCAGT 2340 
CTCATCCTCA TCCTCCGCAC CGTCACCCTC 2400 
CTACTCCCGG OCCTCTTGCC CCATATCGTC 2460 
CT C CTGCTAC CGCTATATCC CTTCATGCAA 2520 
TCCGACCCCT TTCGCCOCCG CCCAGTCCTG 2580 
TACCCCATCA TCGCCACCAC ACCCCTCCTG 2640 
ATCTCTAAAT AATTAAATAA CTCCCAGTTT 2700 
ACCATCTACA CCTTCAACAC CACCCAGATC 2760 
CTCACGACTT ACCTCTTCTC AACTGATCAA 2820 
CTATTGACCC CCATATCCCT ACCTTCGCAA 2860 
ACAACTCT C T CGAGACTAGG CACCAACAAA 2940 
ATAAGAAGAA GC A TT C T CC A TTTCCAGGAT 3000 
TTCCAAAGCC TGCTCGTACG TTCCAACCGA 3060 
TACAATTTCA ACCCTTGGCA ACTCCACAGC 3120 
AACCTCCTTG TCTCTCATAT CGACAGCCAA 3180 
ACCTTCACAC ACAACCTCTC AGCCAACGAA 3240 
TACAACTTCA CAACGCCCAC CACCCATGTC 3300 
AACCATCATC TTCCCAGCAC TAACCAACTG 3360 
ACGAACACTT TCTCTTCCCT AACCCATACC 3420 
CATACACTTA OCACCAACCT TCTCGCCAAC 3490 
CTTCTTA CGT GCAGATOCAA AAACAATTTC 3540 
CAGCATCACC CAACTCGAAC CCACAATTCC 3600 
CTCAATACCT CTTCCAAAAC CACACCACAC 3660 
CTCCCTTACT TCACCTTCAT CCAA TTTCC T 37 20 
CTTAACCTTA TCTCGCAATT CCATAACTTC 3780 
CTTCAAACCC ACTCCATCAA ACTTCCCACT J8<0 
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3841 TJOTTCTMA AGOCCITTOT CAOCAfTiTG 
3901 TTCCATAATC TOTTCOOTTT tCTOGATACO 
3961 OOACOCCTTA CAAAOGTCAA TTTTCCACAA 
4021 AGGTTTGCAT TCTTCTTTAG CXTBTTOCTI 
4081 TCTAGTCACC TTTAGOCACT TCATATOCAC 
4141 OTACTTCOCA CATCTAACTA ATOCAAAATA 
4201 TTCCTTC CAT TTAGCTTCTO CAAGTTCATC 
4261 AACTTOCTCC TCAAATAACC CTTTCC3TATA 
4221 CCACAAGGTC CCTTCCATCC CTCTAAGACC 
4281 CAAGTCACAG AAAOCAACAC CTCTTTOTTC 
4441 ATCCAATTCG ATACCCACCA ACTTTTGAGT 
4501 ACCCTCACCA CCAOATT OCT AOACTCCACT 
4561 TTTGCACCAG TACACCACOC CCAACGAGTA 
4621 TACAOCATCC CCCCOOTCAC TACTCAAACA 
4481 TTTCACATCT TCACAAAGTT OCTATTCACT 
4741 TATACCAGAA CCAACAOTCO AACTCACATC 
4801 AACACTTCTA CTACCGCCAT TACTGAAACT 
4861 CACAOCCATA CTACCATTAC OCCCCAAOGA 
4921 AACCCTACCC CCTGGGATCA TCCTTTOOAC 
4981 CACTTCATTG ATACCATTAT TOTACAACTT 
5041 CTCCTCTGTA ACCGATCACT CAACTTGCAC 
5101 CTTGATCACG TTCTCCAOCT GCTCAGCAGC 
5161 CAAGGAATTA TCAAACTCTC CAACACTTCC 
5221 TGAAGTCGCA CACTGAGTGT AGTCTTCACA 
52B1 AGTCACTCAT CACGACATCC TCTACGOCGG 
5341 AGCTGCGGTT GCTGCCGCCT ATATCGCCGA 
5401 CTTCGCCCTC ATCAGC GC TT GTTTCGOCGT 
5461 ACTCTTCGGC CCCATCTCCT TCCATGCACC 
55 2 1 CAACCTACTA CTCCCCTGCT TCCTAATGCA 
5581 TATCATTCCA AGTATCCCAA TCCTGATACC 
5641 CACATTATCC CCAACTAAAG CAACCGGAGC 
5701 TTGCTCATCA GTAGACTCCA ACTGTGAGAC 
5761 CTTCGAGACA CTAAATOAAC TCCCACCAAT 
5821 CTTGTTTCCA ACTTTTPCCG TCCCTTGAAC 
5881 CAATCCACCG GGCAAATCCT TACCTTCTCG 
5941 ACTGATCCCA ACTTCAGT GA CAACCTTCCT 
6001 AATCAAAGTT CTTTGTCTAC TATTCATCCA 
6061 CTCCTCCTCT TTTGACCTCA TCTTTGTATC 
6121 TCACGAGCCA ACGCGATAAA TACCCAAATC 
6181 CTATCTCTCC CTGTATTAAA CCCCAAATCA 
6241 GGCACTATCT TCTTTTACAC AAATTTGCCC 
6301 TTTTAAACGT GAAATTTATC TCAAGATCTC 
6361 AACCTCTCAC ACATCCAGCT CCCCGACACC 
€421 AGCAGACAAG CCCGTCAGGG CGCGTCAGCC 
6481 ACCCACTCAC CTACCGATAG CCCACTCTAT 
6541 TTGTACTGAG ACTGCACCAT ATGCCGTGTG 
€601 ACCGCATCAC CCC CT CT TCC OCTTCCTCGC 
6661 TGCCCCGACC GCTATCACCT CACTCAAAGG 
6721 ATAACCCACG AAACAACATC TGAGCAAAAG 
6781 CCGCGTTCCT CCCGTTTTTC CATACCCTCC 
€641 CCTCAAGTCA GACGTGCCOA AAOCCGACAC 
4901 GAAGCTCCCT CCTCCGCTCT CCTGTTCCCA 
6961 VlUlUJU l CGGAAOCGTG GCCCTTTCTC 
7021 TGTAGCTCCT TCCCTCCAAC CTCGCCTCTC 
7081 OCOCCTTATC CCCTAACTAT CCPCTTGACT 
7141 TCGCACCAGC CACTGGTAAC AGCATTACCA 
7201 TCTTGAAGTG CTCGCCTAAC TACGGCTACA 
7261 TCCTGAAGCC ACTTACCTTC GGAAAAAGAG 
7321 CCGCTGGTAC CGCTCCTTTT TTTCT7TCCA 
7381 CTCAAGAAGA TCCTTTGATC TTTTCTACCG 
7441 CTTAAGGGAT TTTCCTCATG AGATTATCAA 
7501 CCCTGTACCC CCCCATTAAC CCCCCCOCGT 
7561 CTTCCCAGCC CCCTAGCCCC CCCTCCTTTC 
7621 CCCGCCTTTC CCCCTCAACC TCTAAATCGG 
7681 TTACGCCACC TCCACCCCAA AAAACTTGAT 
7741 CCCTCATAGA CCCTTTTTCC CCCTTTGACC 
7801 TTCTTCCAAA CTGGAACAAC ACTCAACCCT 
7861 ATTTTCCCGA TTTCGGCCTA TTGGTTAAAA 
7921 AATTTTAACA AAATATTAAC CTTTACAATT 
7981 TTCCTCTCAC ACTTACCAAT GCTTAATCAC 
8041 TCCTTCATCC ATACTTCCCT CACTCCCCCT 
8101 ACCATCTCCC CCCACTCCTC CAATCATACC 



AOCAACATTO TCCACAATTO CTTTCACTAA 3900 
AOOACGAAGG OCATCTTCAA Wll HirCA 3960 
TTCAATACCA CCTTCAGAAO OGACTTCTTT 4030 
CCTGTATCCT GCCTTCCCAT CPCCTXTOCT 4080 
Crri ' lCTC TC C AOCTOOTOCA AOGTCACACC 4140 
AAATAACTCA GCACATTCCC AOGCTATATC 4200 
AGCTTCCTCC CTAATTTTAG CGTTCAACAA 4260 
AGAACCTTCT OCAGCATPOC TCTTAOCATC 4320 
CTTTGATTGG OCAAAACACG AAGTGCGTTC 4380 
AACCACAAAT TTCAAGCAGT CTCCATCACA 4440 
TGCTCCAGAT GTAGCACCTT TATACCAGAA 4500 
TT0TGTCCT T ATAGCCTCCC GAATACACTT 4560 
ATTAGAAGAO TCAOCCACCA AAGTACTCAA 4620 
CCCCAACAAA ATTTCACTCA CAGOCAACTT 4680 
ACTCAATTCC CCAGCATCAA TAATCGOGAT 4740 
TACCAACTTT CCOCTCTCAO AAAAAGCATA 4800 
TTTCAAATCG CCCACTGCAG AAGAAAAAGG 4860 
TGCAACTTTA TCAACCAGGG TOCTATAGAT 4920 
AACTCTTTCT CCCAAATCTA CGTCCAAAAT 4980 
GACCAAGTTG TCGATCAGCT OCTCAAATTG 5040 
ATTAACTTGA AGCTCAGTCC ATTGACTGAA 5100 
ATAGCCAAAC ACCGCTTTTC CTACCAAACT 5160 
GTATCCACGT ACCAAGGGAA ATCTCATACT 5220 
AATTCTCAAC CCGTATTTTT ATTATCAGTG 5280 
ACGCATCCTC CCCCGCATCA CCGGCGCCAC 5340 
CATCACCCAT CGCGAAGATC GCCCTCCCCA 5400 
GCCTATGCTG GCAGGCCCCG TGGCCG OCCG 5460 
ATTCCTTCCC GCCGCCCTCC TCAACCCCCT 5520 
GCACTCCCAT AACGGACACC CTCGAGTATC 5580 
CGCATTCTTC AGTCTCTTCA CCTCTCCTAT 5640 
AGCAGATTTC ATCGTAAATT TC TCTCACTT 5700 
TATCTOGCTT ATCACAGCAG AAATGTCCTT 5760 
AAAGAAATCC TTCTTATCAG GAACAAACTT 5820 
TATAAAATCT ACAGTCCATA TGTCCCCTAC 5880 
ACCTTCAAGA OGTATCTACC CTTTCTAGAT 5940 
ATTTCCTTCA AACCATTCCG AATCCAGACA 6000 
AGCCACTCCG GTCTTCAAAC TCACAATACT 6060 
AATAAATCTA CTCTTTGATC TAAATAATCT 6120 
TAAAACTCTT TTAAAACCTT AAAAGCACAA 6180 
CCTCGTACTC TGATCCTCAT CAACT TCAC G 6240 
ACATCCGATA TCGAGAAAAA GCTACGCTGA 6300 
TGCCTCCCCC CTTTCCCTGA TGACCCTGAA 6360 
CTCACACCTT GTCTGTAAGC CGATCCCGCG 6420 
CCTCTTCCCC CGTGTCGCGG CGCACCCATC 6480 
ACTCGCTTAA CTATCCCCCA TCACAGCACA 6540 
AAATACCCCA CAGATGCCTA ACC AGAAAA T 6600 
TCACTCACTC GCTCCCCTCC CTCCTTCCCC 6660 
CGGTAATACC GTTATCCACA GAATCAGCCG 6720 
CCCAGCAAAA GCCCACGAAC CGTAAAAACC 6780 
CCCCCCCTCA CGACCATCAC AAAAATCGAC 6840 
CACTATAAAC ATACCACCCC 1TIVCCCCT G 6900 
CCCTGCCCCT TACCCCATAC LWr CCCCC T 6960 
AATCCTCACC CTGTACCTAT CTCACTTCCC 7020 
TCCACGAACC CCCCGTTCAC CCCGACCCCT 7080 
CCAACCCCCT AAGACACGAC TTATCGCCAC 7140 
CAOCGAGCTA TCTACCCGGT CCTACAGACT 7200 
CTAGAACCAC AGTATTTCGT ATCTCCGCTC 7260 
TTGCTACCTC TTCATCCCCC AAACAAACCA 7320 
ACCACCACAT TACGCCCAGA AAAAAAGGAT 7380 
GCTCrCACGC TCACTCCAAC CAAAACTCAC 7440 
AAACCATCTT CACCTACATC CTTTTACGCC 7500 
CTGGTCCTTA CCCCCAGCCT CACCCCTACA 7560 
CCTTTCTTCC CTTCCTTTCT CCCCACCTTC 7620 
CGGCTCCCTT TACC C TT C CC ATTTACTCCT 7680 
TAGCCTCATG CTTCACGTAC TGCCCCATCC 7740 
TTCCACTCCA CCTTCTTTAA TACTCCACTC 7800 
ATCTCGCTCT ATTCTTTTCA TTTATAAGCG 7860 
AATGAGCTGA TTTAACAAAA ATTTAACGCG 7920 
TAAATCAATC TAAACTATAT ATCAGTAAAC 7980 
TCACCCACCT ATCTCAGCCA TCTCTCTATT 8040 
CCTCTACATA ACTACCATAC. CCCACCCCTT BipO 
CCCACACCCA CCCTCACCCC CTCCACATTT 8160 
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em 

•221 
•281 
•341 
•401 
•461 
•521 
•581 
•641 
•701 
•761 
•B21 
•881 
8941 
9001 
9061 
9121 
9181 



ATCAOCAATA 
OOCCTCCATC 
TAOTTTOCOC 
TATGOCTTCA 
OTQCAAAAAA 
AOT0TTATCA 
AAGATGCTTT 
OOCAOCGACT 
TXTAAAAGTG 
GCTGTTGAOA 
TACTTTCACC 
AATAAGGGCG 
CATTTATCAG 
AGAAATACCG 
TATTATCATC 
TTTCXGMPGT 
TAAGCTGACT 
CTTATTATTC 
I 10 



AA CCAQC CAC 
CAGTCTATTA 
AAOOT TOTTO 
TTCAOCTOOO 



ctcatggtta 

TCTGTGACTQ 
TOCTCTCCOC 
CTCATCATTC 
TCCACTTCCA 

AGccrrrcTO 

ACACGOAAAT 
GGTTATTCTC 
GTTCOO00CA 
ACATTAACCT 
TTGACACCTT 
CATCTTCCTA 
C 

I 20 
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COOOMPOGC 

Mtarraaca 

OCATTQ CTOC 
i/TlOOCAACG 
OCTTOCOTCC 
TOOCAGCACr 
CTCAGTACTC 
OQ0001GAAC 
GAAAAOCTTC 
TOTAAqOCAC 
OOTCAOCAAA 
CTTOAATACT 
TC ATCAQCCC 
CATTTCOCCC 
ATAAAAATAC 
ATCATCOAAT 
TTCTGAAATA 

1 30 



COAGCGCAGA 
QOAA QCTAQA 
AOOCAT0OT8 
ATCAAOCCOA 
TOO0AT0OW 
OCATAATTCT 
AAOCAACTCA 
ACQOGATAAT 
TTCOGOQCCA 
TCCTOCACCC 
AACA GOAAGO 
CATACTCTTC 
ATACATATTT 
AAAAGTOOCA 
OCOTATCACG 
TAATTCTCAT 
CACOCACATC 

I 40 



ACTOCTOCTC 
CTAACTACTT 
OTOTCACOCT 
CTTACATOAT 
CTC ACAACTA 
CTTACTGTCA 
TPCTCAOAAT 
ACCCSOGOCAC 
AAACTCTCAA 
AACTCATCTT 
CAAAATOCCC 
CTTTTTCAAT 
CAATSTATTT 
OCTCACCTCT 

Ajooo emc 

CTTTGACACC 
OCGAACACTC 

I 50 



CAACTTTATC 
COCCACTTAA 
C0TOOTTT0Q 
COCCCATCTT 
AOTTOOQOOC 
TOCCATCCCT 
ACTCTATCCC 
ATAOCACAAC 
CGATCTTACC 
CAGCATCTTT 
CAAAAAACCG 
ATTATTCAAC 
AOAAAAATAA 
AACAAA CCAT 
CTCTTCAACA 
TTATCATOCA 
AAAAATAACA 

! 60 



8220 
6280 
8340 
6400 
8460 
8520 
8580 
8640 
8700 
8760 
8820 
8880 
8940 
9000 
9060 
9120 
9180 
9191 
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'SI 
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mnr^rrT i uat ^ po-v 3H^) 

8974 b.p. ACATCTAACATC ... ACTTATTATTCG linear 

I 40 I SO I 60 

TGAAACCTTT TT00CAT0CG ACATC CACAC 60 
ACAOGACCGC ATACACTACC AOCAGACOCT 120 
CTCAACACCC ACTTTT0CCA TCGAAAAACC 180 
CTCATTCCAA TTOC TT CTA T TACOCTACTA 240 
OQQCOOCCTQ OOQAOCtTCA TCTTICTTTA 300 
OCCAACATCA CWCACATCA OQOCTTTCTQ 360 
AAATQOOCCA AAACTOACAO TTTAAACOCT 420 
TCTCATOCAA GATGAACTAA CTTTGCTTCG 480 
GAAACTTCCA AAACTCOCCA TA OCOTTTOT 540 
AAATAATCTC ATTAATOCTT AOCOCACTCT 600 
TCCCCAAACO GAAATGOGGA AACaCCCOCT 660 
GTATCCTTCC AAGATTCTCC TGGGAATACT 720 
TAACTGTTCT AACCCCTACT TGACAGcAAT 780 
AACCTTITTT TXTATCATCA TTATTACCTT 840 
CAAGCTTTTG ATTTTAACGA CTTTTAACCA 900 
ATTCGAAGGA TCCAAAOGat gAGATTTCCT 960 
TCCTOO GC AT TACCTC C TCC AGTCAACACT 1020 
GCTGAAGCTC TCATCGGTTA CTCAGATTTA 1080 
TTTTCCAACA OCACAAATAA CGCCTTATTC XI 40 
GCTAAAGAAC AACGGCTATC TCTCCACAAA 1200 
gtcactttct acggtactat taaggctggt 1260 
aacggccaag ttactgaagt tncaaccgct 1320 
ggcttcaaag gccaagaaga cctcggtaac 1380 
aaagcatcca tcgccggtac tgactccggt mo 
aaaggcggcc tcggtaaatt gcgcgtcggt 1500 
gacatcaaee cttgggatag caaaagcgac 1560 
gaggcacgcc *tcatttecgt acgctaegat 1620 
gbacaatacg cgcetaacga eaatgcaggc 1680 
ttcaactaca aaaacggegg cttcttcgtg 1740 
caagtgcaag agggcttgaa tattgagaaa 1800 
gacaatgatg ccctgtacgc ttccgtagcc I860 
gctceeaact cgcacaaccc tcaaaccgaa 1920 
aacgtaacgc cecgagtttc ttacgcccac 1980 
ataggcaacg aacacgacca agtggttgtc 2040 
tctgccttgg tttctgccgg tcggttgcaa 2100 
actgccggcg gtgttggtct gcgtcacaaa 2160 
OCCTTACACA TCA C TCTT CC TCACTTCAAC 2220 
AGATTCTAAT CAAGAGCATG TCAGAATOCC 2280 
GATACTTTTT TATTPGTAAC CTATATACTA 2340 
CCTACGACCT TGCTCCTGAT CAGCCTATCT 2400 
TTGGGAAAAT CATTOGAGTT TOATGTTTTT 2460 
ACAACATTAA CTGAGAACTT CCTTTCTOCA 2520 
TATCACACTT AAATTOCTAA CGCAGTCACG 2580 
TCCTCATCCT CGCCA C OGTC AOCCTGGATC 2640 
TGOCC00CCT CTTCCGOGAT ATCGTCCATT 2700 
TOCTAOCGCT ATATOCCTTC ATOCAATTTC 2760 
ACCCCTTTCC COCOCQOCCA CTCCTOCTCG 2820 
OGATCATGGC GACCACACCC GTCCTGTOGA 2880 
CTAAATAATT AAATAAGTCC CAGTTTCPCC 2940 
TCTAGACCTT CAACAGCAGC CAGATCCATC 3000 
OGACTTACCT CTTCTCAACT GATGAACTTC 3060 
TGACCQGCAT ATCCGTACCT TOGCAAACTC 3120 
CTCTCT OGA G ACTAGGCACC AACAAACACA 3180 
CAAGAACCAT TCTCCATTTC CACCATCAAG 3240 
AAACCCTCCT CCTACCTTGC AACCGATACC 3300 
ATTTCAACCC TTGGCAACTG CACAGCTTGC 3360 
TCCTTCTCT C TCATATCGAC AGCCAACACA 3420 
TCAdXCACAA CCTCTCACCC AACCAAATCT 3480 
ACTTCAGAAG GCCCACCAGC CATCTCAATA 3540 
ATCATCTTCC CACCACTAAC CAACTCCTTT 3600 
ACACTTTCTC TPCCCTAACC CATAGCACCT 3660 
CACTTACCAC CAACCTTC TC COCAACCTAC 3720 
TTACCTGCAC ATCCAAAAAC AATTTCTTTC 3780 
ATCAGGCAAC TCCAACCCAG AATTCCCCTT 3840 



I 10 | 20 I 30 

1 AGATCTAACA TCCAAAGACO AAAGGTTQAA 
61 CTCCATTCTC ACACATAACT O0CAAAO0CA 
121 TCCAAACCCA GCACCTCCAC TOCT CtlCT C 
181 AGCCCAGTTA TTGGGCTTCA TTOGAGCTCC 
241 ACACCATQAC TTTATTAOCC TOTCTATOCT 
301 TTTOOAATQ CAACAAOCTC OGCATTACAC 
361 AC1OTGGGCT CAAATACTTT CATOTTOOCc 
421 CTCTTGGAAC CTAATATGAC AAAAOCCTCA 
481 TTGAAATGCT AACOGOCAGT TOGTCAAAAA 
541 CTTCTTTGCT ATTOATTQAC GAATOCTCAA 
601 CTCTATCCCT TCTGAAOCCC CTCOCAOCTG 
661 TTTTOGATGA TTATCCATTC TcTCCACATT 
721 OCTCATAGCC TAAOGTTCAT CATCAAAATT 
781 A TATA AACAC AAGGAAGCTC COCTOTCTT A 
841 ACTTTCATAA TTGCCACTCC TTCCAATTCA 
901 GAACTTCAGA ACATCAAAAA ACAACTAATT 
961 TCAATTTTTA CTCCACTTTT ATTCCCAGCA 
1021 ACAACAGAAG ATGAAACGCC ACAAATTCCG 
1081 GAAGGCGATT TCCATCTTGC TC T TTT O OC A 
1141 TTTATAAATA CTACTATTGC CAGCATTCCT 
1201 AGACACCCTG AACCTTACCT ACAATTCgac 
1261 gtfcgagactt cccgetctgt atttcaoeag 
1321 accggcatcg ttgatttggg ttcgaaaatc 
1381 ggcctgaaag ccatttggca ggttgagcaa 
1441 tggggcaacc gccaatcctt catcggcttg 
1501 cgtttgaaca gcgtcccgaa agacacoggc 
1561 tatttgggcg taaacaaaat tgecgaaccc 
1621 tctcccgaat ttgccpgect cagcggcagc 
1681 agacataaca gcgaatctta ccacgccggc 
1741 caatatggcg gegcctataa aagaeatcat 
1801 taccagatcc accgtttggt eagcggttac 
1861 gtacagcaac aagacgcgaa aetgactgat 
1921 gttgccgcta ccttggcata ccgcttcggc 
1981 ggcttcaaag gtttggttga tgatgcagac 
2041 ggegcggaat acgacttctc caaacgeact 
2101 gaaggcaaag gcgaaaacaa attcgtagcg 
2161 ttctaaCCTA GCCCCOCCGC GAATTAAtTC 
2221 TTGGGCAcTT ACGAGAACAC UU/11T1U, T 
2281 ATTTCCCTCA CAGATOCACG CTTCATTTTT 
2341 TAGCATTTTT TTTGTCATTT TOTTTCWCT 
2401 CGCA OCTCAT GAAT A PCTTG TGGTAOGGGT 
2461 CTTCCTATTT CCCACTCCTC TTCACACTAC 
2521 AGCTTATCCA TAACCTTTAA TCCCGTAGTT 
2581 CACCCTCTAT GAAATCTAAC AATGOGCTC A 
2641 CTCTACCCAT ACCCTTGCTT ATGCCGGTAC 
2701 OCCACAGCAT CCCCACTCAC TATCGCCTCC 
2761 TATC COCACC CCTTCTCCGA OCAC T OTC C G 
2821 CTTCGCTACT TCGACCCACT ATCGACTACG 
2861 TCTATCGAAT CTAAATCTAA CTTAAAATCT 
2941 ATACGAACCT TAACAGCATT OCGGTGAGCA 
3001 ACTCCTTGCC CAATATCTTT CACTCCCTCA 
3061 TGGAAGCTTC CAGTCTTAAC TCCCCTCTAT 
3121 TCCTTCGTAC CCCACGAGTA ATCTCCACAA 
3181 CATCCACCCT CTTCTACTTC ATCAACATAA 
3241 TCTTCACCAC CCTACTCATT OCACATTTCC 
3301 CTTCTACACT CTCCAATACA CTTCCGTACA 
3361 TTCTGAACAC CATCTTCAAT TCTCGCAACC 
3421 ATCACCTCCG AATCAATACC ATCTTCACCT 
3481 CCATCACCCT ATTTATCAGC AATAACTAGA 
3541 CTACACACCC CTCATCTCTC ATTTTG AACC 
3601 CCTCGACCAA ATA TTTTOTC ACACTTACCA 
3661 ACTCCCTCCC CCCCTCCTCC TAGCACCATA 
3721 ATCACTTCTC CCCTAACCCT ACCATCCTTC 
3781 CAACCACCAA CTTTCGCACC AACACCCACC 
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3641 CC AOCAO QAA TATAGAGGCC AACTTTCTCA 
Jf 01 CCA O QQ C AAO TCTCAACTTO CAACOTCTCC 
3961 TOLTCTATAG AGAGATCAAT O0CTCTCTTA 
. 4021 COOAAAOaAO CTTCTAACAC AOCTOTCTTC 
4081 TCT AAAACCO CTTTOTCAOC ATTTTOACCA 
4141 ATAATCTCTT OOQTTTXCTO GATACGACCA 
4201 CCCT TACAAA COTCAATTTT GCACAATTCA 
4261 TTOCATTCTT CTTTAO0TT0 ■ lltCllWm 
4221 CTQACCTTTA CGCACTTCAT ATCCAGGTTT 
4281 TTCOCACATC TAACTAATGC AAAATAAAAT 
4441 TTOCATTTAG CTTCTOCAAC TTCATCAGCT 
4501 TCCTCCTCAA ATAACOOTTT OOTATAAGAA 
4561 AAGGTCGCTT CCATCCCTCT AAOACCCTTT 
4621 TCACACAAAC CAACACCTOT TTOTTCA ACC 
46B1 AATTOCATAC CCACCAACTT TTGAOTTOCT 
4741 TGACCACCAC ATTCOTAOAC TCCAGTTTCT 
4501 GACCAGTACA CCAGCCCCAA OQAOTAATTA 
4861 CC ATCGCC GC CCTCAGTAOT CAAAGAO0CC 
4921 ACATCTTCAC AAAQTTCOTA TTCAOTACTC 
4981 CCAGAA GCAA CAGTGGAACT CACATCTACC 
5041 CTTCTACTAC CGCCATTACT CAAACTTTTC 
5101 OCCATACTAC CATTAOCCCG CAAGCATCCA 
5161 CTACCCCCTC CCATCATCCT TTOQACAACT 
5221 2™" CATAC CATTA ™n , A CAACTTGACC 
5281 TCTCTAACCC ATCACTCAAC TTCCACATTA 
5341 ATCACGTTCT GCACCTCCTC ACCAGCATAC 
5401 GAATTATCAA ACTCTCCAAC ACTTCCCTAT 
5461 CTCCCACAGT CACTCTAGTC TTCACAAATT 
5521 ACTCATCACC ACATCCTCTA CCCCGGACCC 
5581 CCCC CCACAC GTCCCCTTCC TCGCCCCTAT 
5641 CCTCCCCACT TCCCCCTCAT CACCCCTTCT 
S701 CCCCCCCCAC TCTTCOCCCC CATCTCCTTC 
5761 AACCCCCTCA ACCTACTACT CCCCTCCTTC 
5821 CCACTATCTA TGATTCCAAG TATCCGAATC 
5881 TCTCCTATCA GATTATOCCC AACTAAAGCA 
5941 TCTCACTTTT CCTCATCACT ACACTCCAAC 
6001 ATCTCCTTCT TCGAGACACT AAATGAACTC 
6061 ACAAACTTCT TCTTTCCAAC rTlTlWUTU 
6121 TCCC GTACCA ATCCACCCCO CAAATCCTTA 
6181 TTCTACATAC TCATCCCAAC TTCAOTOACA 
6241 TCCACACAAA TCAAAGTTCT TPGTCTACTA 
6301 ACAATACTCT CCTCCTGTTT TGA CC T CA TC 
6361 AATAATCTTG ACGAGCCAAG GCGATAAATA 
6421 A AGCA CAACT ATGTCTSCCT CTATTAAACC 
6481 AC TTCAC GCC CACTATCTTC TTTTAGAGAA 
6541 TACCCTCATT TTAAACGTGA AATTTATCTC 
6601 ACCGTGAAAA CCTCTGACAC ATCCAGCTCC 
6661 ATCCCCGGAC CACACAACCC CGTCACOCCC 
6721 CACCCATCAC CCACTCACCT AGCGATAGCC 
67B1 AGACCAGATT GTACTGAGAG TGCACCATAT 
6841 GACAAAATAC CCCATCAGCC OCTCTT CCC C 
6901 CCTTCGCCTC CCCCCACCCC TATCAGCTCA 
6961 ATCAGCCCAT AACCCAGOAA AGAACATGTG 
7021 TAAAAACCCC GCU 'ITOCT UU CCTTTTTCCA 
7081 AAATCCACCC TCAACTCAGA CCTCGCQAAA 
7141 TCCCCCTCCA ACCTCCCTCG TQ C CCTCTC C 
7201 CT CUJLUA i r CTCCC1TCOQ QAACCOTOCC 
7261 CAGTTOCCTC TAGGTCCTTC CCTC CA AGCT 
7321 CCACCCCTCC OCCTTATCCC GTAACTATCG 
7381 ATCCOCACTC CCAGCAGCCA CT GG T A ACAG 
7441 TACACACTTC TTGAAGTCGT GGCCTAACTA 
7501 CTCCGCTCTG CTCAACCCAC TTACCTTCCC 
7561 ACAAACCACC CCTCCTAGCG CTCCTT T TTT 
7621 AAAACCATCT CAACAACATC CTTTCATCTT 
7681 AAACTCACCT TAAGCCATTT TCCTCATCAC 
7741 TTTaaAttaa aaatgaagct ttaaatcaat 
7B01 cagttaccaa tgcttaatca gtgaggcacc 
7861 catagttgcc tgactceccg tcgtgtagat 
7921 ccccagcgct gcaatgatae cgcgagaccc 
7981 aaaccagcca gccggaaggg ccgagcgcag 
B041 ccagtccatt aattgctgcg gggaagccag 
8101 caacgttgtt gccaccgctg caggcaccgt 



Atau xumm caaaaogaga ogagactaca 2900 

OTTACTraAG CTTCATCCAA TTTCCTGACO 3960 
ACCTTATCTO OCAATT0CAT AACTTCCTCT 4020 
AAAOCGACTC CAtCAAACTT GOCAOTTAGT 4080 
ACATTOTCCA CAATTOGTTT GACTAATTCC 4140 
OOAAGGOCAT CTTCAATTTC TTCTOAOGAO 4200 
ATACGACCTT CACAAGO0AC TTCTTTAOOT 4260 
TATCCTCCCT TCCCATCTCC TTTCCTTCTA 4320 
CTCTCCACCT CCTCCAACCT CACACCOTAC 4380 



AACTCAOCAC ATTCCCACCC TATATCTTCC 4440 
TPCTDOCTAA TTTTAQCCTT CAACAAAACT 4500 
CCTTCTGGAG CATPOCTCTT AOCATCGCAC 4560 
CATTCCCCAA AACAGOAACT OCCTTCCAAG 4620 
ACAAATTTCA ACCAGTCTCC ATCACAATOC 4660 
CCAGATGTAG CACCTTTATA CCACAAACCG 4740 
GTOCTTATAO CCTCCCGAAT AGACTTTTTQ 4800 
GAACACTCAG OCACCAAAGT AOTCAATACA 4860 
AACAAAArrr CACTGACAGO GAA CTTTTPG 4920 
AATTO00GAG CATCAATAAT GGCGATTATA 4980 
AACTTTGCCC TCTCACAAAA AGCATAAACA 5040 
AAATCCCCCA CTGCAGAACA AAAAGCCACA 5100 
ACTTTATCAA OCAGGCTCCT ATAGATAACC 5160 
CTTTCTGCCA AATCTAGGTC CAAAATCACT 5220 
AACTTCTCCA TCACCTCCTC AAATTCCTCC 5280 
ACTTGAACCT CAGTCCATTG AGTCAACTTC S3 40 
GCAAACACCG CTTTTCCTAC CAAACTCAAG 5400 
OCACCTAGCA AGGGAAATCT CATACTTGAA 5460 
CTGAAOCCCT ATTTTTATTA TCACTCACTC 5S20 
A TCCTQOCCg acctgcaggt cOCCATCACC 5580 
ATCCCCCACA TCACCCATCC CCAACATCGC 5640 
TTCC C CCT GC CTATCCTCCC AGCCCCCCTC 5700 
CATCCACCAT TOCT P OOC CC COCCCTCCTC 5760 
CTAATCCAGC ACTCGCATAA CCCACAGCCT 5820 
CTGATACCCC CATTCTTCAG TCTCTTGAGG 5880 
ACCCGAGGAC CACATTTCAT CGTAAATTTC 5940 
TCTCACACTA TC T CC CTTAT CACAGCACAA 6000 
CCAGCAATAA ACAAATCCTT GTTATCAOGA 6060 
CCTTCAACTA TAAAATGTAG ACTCGATATC 6120 
CCTTCTCCAC CTTCAACACC TATCTAGGCT 6180 
ACGTTOCTAT TTCCTTCAAA CCATTCCCAA 6240 
TTGATOCAAG CCAGTCCCCT CTPGAAACTC 6300 
WTBTA TCAA TAAATCTACT CTTTGATCTA 6360 
CCCAAATCTA AAACTCTTTT AAAACGTTAA 6420 
CCAAATCAGC TCGTAGTCTG ATCCTCATCA 6480 
ATTTCCCCAG ATGCGATATC CAGAAAAAGG 6540 
AAGATCTCTC CCTCCCGCCT TTCGGTCATC 6600 
CCGACACCGT CACACCTTCT CTCTAAGCCO 6660 
CCTCAGCGGC TCTTCGCCGC TCTCGGGCCC 6720 
CACTCTATAC TCGCTTAACT ATCCCGCATC 6780 
GCCCTCTGAA ATACCCCACA GATGCCTAAG 6840 
TTCCTC0C 1V ACTCACTCGC TCCCCTCCGT 6900 
CTCAAAGCCC CTAATACCCT TATCCACACA 6960 
AGCAAAAGCC CACCAAAACG CCACGAAOCC 7020 
♦TAGOCICCCC CCCCCTCACC AGCATCACAA 7080 
CCCGACAGGA CTATAAAGAT ACCACGOGTT 7140 
TGTTCOCACC CTCCCOCTTA CCCCATAOCT 7200 
CCTTTCTCAA TOCTCACCCT GTAGGTATCT 7260 
O CG CTGTCTC CACGAACCCC CCGTTCAGCC 7320 
TCTTCACTCC AACCCCCTAA CACACGACTT 7380 
CATTAOCACA CCGACCTATG TAGGCCGTCC 7440 
CCCCTACACT AGAAGGACAC TATTTCGTAT 7500 
AAAAACAGTT OCTACCTCTT CATCCCGCAA 7560 
TCTTTCCAAC CACCACATTA CCCCCAGAAA 7620 
TTCTACCCGC TCTCACCCTC ACTCCAACCA 7680 
ATTATCAAAA AGGATCTTCA CCTACATCCT 7740 
ctaaagtaca catgagtaaa ctcggtccga 7800 
tatctcagcg atctgtctat ttcgttcatc 7860 
aactacgata cgggagggct taecatctgg 7920 
acgctcaccg .getccagatc caccagcaat 7980 
aagtggtcct gcaactttac ccgcctccat 8040 
agcaagtagc tcgccagtca atagtttgcg 8100 
ggtgtcacgc ccgtcgttcg gtatggcttc 8160 
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•162* atteageccc 
•221 agcggttagc 
•281 mctcatggtt 
•241 ttctgtpact 
•401 ttgetcccgc 

•461 gctCAtCAtt 

•521 atccaorttcg 
•561 cagcgcttct 
•641 gaeacggaaa 
•701 gggttattgt 
•761 ggttccgcgc 
•621 gacattaace 
•681 C ATBTTTGA C 
•941 ATCCOGAACA 
I 10 



ggttcocaac gatcaaggcg 

tcctccggtc 
atggcagcae 
ggtgagcact 
ccggcgteaa 
ggaaaacgtt 
atgtaaccca 
Offgtgagcaa 
tgttgaatac 
ctcatgagcg 
acattteccc 
tataaaaata 

AGCTTATCAT 
CTOAAAAATA 
I 20 



tgeaeaattc 
caaccaagtc 
cacgggataa 
cttcggggog 
ctcgtgcacc 
aaacaggaap 
tcatactctt 
gatacatatt 
gaaaagtgcc 
ggcgtatcac 
OOATAAOCTC 
ACAGTTATTA 
I 30 
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agtcacacga tcceecatgt cgtgcaaaaa 9220 
tgteagaage aagttggccg cagtgttaec •290 
cettactgtc atgecatcog caagatgete 9240 
attctgagaa tagtgcatgc ggcgaccgag 8400 
taccgegcca catagcagaa ctteaaaagt 6460 
Muctctca aggatcttac cgctgttgag 0520 
caactgatct tcagcatcct ttactttcac 8 5 EC 
gcaaaatgcc gcaaaaaagg gaataagggc 8640 
cctttttcaa tattattgaa geatttatea 8700 
tgaatgtatt tapaaaaata aaeaaatagg 8760 
acctgacgtc taagaaacca ttattatcat 8620 
gagqcccttt cgtctCcaaC AATTAATTCT 8880 
ACTCATCTTC GTATTCTGAA ATAGACOCAQ 6940 
TTCC Q974 
I 40 I 50 t 60 
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*U nqutnce 10215 b.p. AGATCTAACATC ... AGTTATTATTCC ilnaar 



I 10 i 20 I 30 

1 AGATCTAACA TCCAAACACO AAACCTTOAA 
61 CTCCATTCTC ACACATAACT CCCAAAOCCA 
121 TCCAAACCCA CGACCTCCAC TUnVMCTC 
161 AGOCCACTTA TTCGGCTTGA TTCGAGCTCC 
341 ACACCATOAC TTTATTAGCC tCTCT A TCCT 
301 TTTCOQAATQ CAACAAOCTC OQCATTACAC 
361 ACTGTCCCCT CAAATACTTT CATCTTOCCc 
421 CTCTTOOAAC CTAATATOAC AAAAGCOTCA 
481 TTGAAATGCT AACOOOCACT T0GTCAAAAA 
541 CTTCTTTCGT ATTGATTGAC CAAT0CTCAA 
601 CTCTATCCCT TCTGAACCCC CTGGCACCTC 
661 TXTTCGATCA TTA7CCATTO TcTCCACATT 
721 OCTGATACCC TAACC1TCAT CATCAAAATT 
781 ATATAAACAG AACCAACCTG CC CT CTC T TA 
841 ACTTTCATAA TTCCCACTCC TTCCAATTCA 
901 CAACTTCACA AGATCAAAAA ACAACTAATT 
961 TCAATTTTTA CTCCACTTTT ATTCGCAGCA 
1021 ACAACACAAC ATCAAACCCC ACAAATTCCC 
1081 CAACCCCATT TCCATCTTCC TOTTTT0CCA 
1141 TTTATAAATA CTACTATTCC CACCATTSCT 
1201 AGAGACCCTC AACCTTACCT AGAATTCgac 
1261 gttgagactt cccgctctgt attfccaccag 
1321 accggcaccg ttgatttggg ttcgaaaatc 
1381 ggcctgaaag ccatttggea ggttgagcaa 
1441 tggggcaacc gccaatcccc catcggcttg 
IS 01 egtttgaaca gcgtcccgaa agacaccggc 
1S61 tatttgggtg taaacutat tgccgaaccc 
1621 tctcccgaat ttgccggcct cagcggcagc 
1681 agacataaca gcgaatctta ccacgccggc 
1741 eaatatggcg gtgcctataa aagacateat 
1801 taccagattc accgtttggt cagcggccac 
1861 gcacagcaac aagacgcgaa actgactgat 
1921 gttgccgcta ccttggcata ccgcttcggc 
1981 ggcttcaaag gtttggttga tgatgcagac 
2041 ggtgcggaat acgacttctc caaacgcact 
2101 gaaggcaaag gcgaaaacaa attcgtagcg 
2161 ttctaaCCTA CCOCCOCCCC GAATTAATTC 
2221 TTCOOCACTT ACGAGAAGAC CGCTCTTCCT 
2281 ATTTCCCTCA GACATOCACC CTTCATTTTT 
2341 TAGCATTTTT TTTCTCATTT TCTTTC T TCl 
2401 CCCAOCTCAT GAATATCTTC TOCTAGOGCT 
2461 CTTGGTATTT CCCACTCCTC TTCAGAGTAC 
2521 AGCTTATCCA TAACCTTTAA TGCGGTAOTT 
2581. CACCCTCTAT GAAATCTAAC AATGCOCTCA 
2641 CTCTAGGCAT AG CCT T QCTT ATOCCGGTAC 
2701 CCGACACCAT CGCCACTCAC TATGGCCT C C 
2761 TATCCGCACC CCTTCTDOGA OCACTCTCCC 
2821 CTTCOCTACT TCCAGOCACT ATCCACTACC 
2881 TCTATCGAAT CTAAATCTAA GTTAAAATCT 
2941 ATACGAACCT TAACAOCATT CCGCTGACCA 
3001 ACTOCTTCCC CAAT ATCTTT CACTCCCTCA 
3061 TGGAAGGTTC CACTCTTAAC TCCCCTGTAT 
3121 TGCTTCGTAC CCCACGAGTA ATCTCCACAA 
3181 CATCCACCCT GTTGTACTTC ATCAACATAA 
3241 TCTTCAGGAG CCTACTCATT GGACATTTCC 
3301 CTTCTACACT CTCCAATACA CTTGCGTACA 
3361 TTCTGAACAC CATCTTCAAT TCTGGCAACC 
3421 ATCACCT CC C AATCAATACC ATCTTCACCT 
3481 CGATCACCCT ATTTATCACC AATAACTACA 
3541 CTACACACCC CTCATCTCTC ATTTTCAACC 
3601 CCTGCACCAA ATATTTTCTC ACACTTACCA 
3661 ACTCCCTCCC CCCCTCCTGC TAGCACCATA 
3721 ATGACTTCTC GCCTAACCGT ACCATCCTTC 
3781 CAACCACCAA CTTTCCCACC AACACCCACC 
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TGAAACCTTT TT0CCATCCG ACATCCACAO 60 
ACACGACOCG ATACACTAOC AOCAGACOCT 120 
CTCAACACCC ACTTTTOOCA TOGAAAAACC 180 
CTCATT0CAA TICCTTCTAT TAOOCTACTA 240 
QQCCCCCCTO OCGAQQtTCA TCTTTCTTTA 300 
OOGAACATCA CTCCAGATGA GOOCTRCTC 360 
AAATOGCCCA AAACTCACAG TTTAAACOCT 420 
TCTCATOCAA GATGAACTAA CTrfr OCTTCO 480 
GAAACTTOCA AAACTCOCCA TACCOTTTCT 540 
AAATAATCTC ATTAATOCTT AQCOCACTCT 600 
TGCCGAAACO CAAATCOGCA AACaCCCOCT 660 
GTATCCTPCC AACATTCTOC TOGOAATACT 720 
TAACTGTTCT AACCCCTACT TGACAGcAAT 780 
AACCTOTTT TTTATCATCA TTATTAGCTT 840 
CAACCTTTTG ATTTTAACCA CTTTTAAOGA 900 
ATTCGAAGGA TCCAAACCat gAGATTTCCT 960 
TCCTCO0CAT TAGCTOCTCC ACTCAACACT 1020 
GCTCAAGCTC TCATCOGTTA CTCAGATTTA 1080 
TTTTCCAACA OCACAAATAA COGGTTATTC 1140 
OCTAAACAAG AAGGGGTATC TCTCCAGAAA 1200 
gtcactttgt acggtactat caaggctggt 1260 
aacggccaag ttactgaagt tacaaccgct 1320 
ggcttcaaag gccaagaaga cctcggtaac 1380 
aaagcatcta tcgccggtac tgactccggt 1440 
aaaggcggct tcggtaaatt gcgcgtcggt 1500 
gacatcaatc cttgggatag caaaagcgac 1S60 
gaggcacgcc ccatttccyt acgctacgac 1620 
gtacaatacg cgcttaacga caatgcaggc 1680' 
tccaactaca aaaacggtgg cttcttcgtg 1740 
caagtgcaag agggcttgaa tattgagaaa 1800 
gacaatgatg ccctgtacgc ttccgtagcc I860 
gcttceaatt cgcacaactc tcaaacegaa 1920 
aacgtaacgc cccgagtttc ttacgcccac 1980 
ataggeaacg aatacgacca agtggttgtc 2040 
tctgccttgg tttctgccgg ttggttgcaa 2100 
actgccggcg gtgtcggtct gcg ccac aaa 2160 
OCCTTACACA TGACTCTTCC TCACTTCAAG 2220 
AGATTCTAAT CAAGAGGATG TCAGAATOCC 2280 
CATACTTTTT TATTTCTAAC CTATATAGTA 2340 
CGTACGACCT TOCTCCTCAT CA CCCTATCT 2400 
TTGGGAAAAT CATTCCAGTT TGATGTTTTT 2460 
ACAACATTAA GTCAGAAGTT CGTTTCTOCA 2520 
TATCACACTT AAATTGCTAA COCACTCAGG 2580 
TCCTCATCCT CGGCACCCTC ACCCTGGATC 2640 
TGCCCOGCCT CTTCCCOCAT ATCCTCCATT 2700 
TCCTAGCCCT ATATCCCTTG ATGCAATTTC 2760 
ACCCCTTTCO OCCCCCOOCA GTCCTGCTCG 2820 
CCATCATCCC CACCACACCC C TCCTC TGCA 2880 
CTAAATAATT AAATAAGTCC CAGTTTCTCC 2940 
TCTAGACCTT CAACAGGAGC CAGATCCATC 3000 
GCACTTACCT CTTGTGAACT CATGAACTTC 3060 
TCACCOCCAT ATCCCTACCT TOCCAAAGTC 3120 
C TCTCT GC AC ACTAGOCACC AACAAACACA 3180 
CAAGAACCAT TCTCCATTTC GACCATCAAG 3240 
AAACCCTCCT CCTACCTTGC AACCCATACC 3300 
ATTTCAACCC TTCGGAACTC CACACCTTCC 3360 
TCCTTGTCTC TCATATCCAC AOCCAACACA 3420 
TGACACACAA OCTCTGACCC AACCAAATCT 3480 
ACTTCACAAC OCCCAGCAGC CATGTCAATA 3540 
ATCATCTTCC CACCACTAAC GAA CTGC T TT 3600 
ACA CTTTCTC TTCCCTAAGC CATAGCACCT 3660 
CACTTAGCAC CAACCTTCTC GGCAACGTAG 3720 
TTACCTCCAC ATCCAAAAAC AATTTCTTTC 3780 
ATCAGGCAAC TCCAACCCAC AATTCCCCTT 3840 
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3£ ******* aXAOCnCTTO OlAAACGAGA CCAGACTACA 3900 

3» jss^ss; sssse rz?^? ; is 

iall S^JSSS CTPCTAIU::AC ACOtOTCTTC AAA0OGACTC CATCAAACTT OOCAOTTAOT 4080 
2i« I^i^SSS ^ TTP0TICaoC ATTTTGBWOA ACATTCTOGA CAATTOCTTT GACTAATXCC 4140 
4141 ATAATCTCTT COmillTU CATAOQACCA COAAOOOGAT CTTCAATTTC TTCTOAOGAC 4200 

ATACCAOCTT CAGAACOGAC TTCTXTAOCT 4260 
TATOCTOOCT TCGCATCTCC TXTCCTTCTA 4320 
CTCTOCACCT COTOCAACCT GACACCGTAC 4380 
AACTCAOCAC ATTCCCAOOC TAT ATCTTCC 4440 
TDCTOOCTAA TTTTAOOCTT CAACAAAACT 4500 
CCncroOAG CATTCCTCTT AOQATCOCAC 4S60 
GATTOQCGAA AACAQGAACT CCCTTCdAAG 4620 
ACAAATTTCA ACCACTCTCC ATCACAATCC 4680 
CCAGATQ TAO CACCTTTATA CCAGAAAOOG 4740 
CTCC1TATAC CCTCCOGAAT AGACTTTTTO 4800 
CAAOACTCAO OCAOCAAACT ACTOAATACA 4880 
AACAAAATTT CACTOACACC GAACTTTTTG 4920 
A ATT00 0GAC CATCAATAAT COGGATTATA 4980 
AACTTTOCCC TCTCAGAAAA AOCATAAACA 5040 
AAATCOCCCA GTCCAGAACA AAAACCCACA 5100 
ACTTTATCAA CCACCCTCCT ATACATAACC 5160 
CTTTCTOCCA AATCTAOCTC CAAAATCACT 5220 
AACTTCTCCA TCACCTCCTC AAATTOCTCC 5260 
ACTTGAAGCT CACTCGATTG AGTGAACZTC 5340 
OGAAACACCC CTnTCCTAC CAAACTCAAC 5400 
OCACCTACCA AGCGAAATCT CATACTTGAA 5460 
CTGAAOCCCT ATTTTTATTA TCACTCACTC 5520 
ATCCTOGCCG ACCTCCACC9 0099999900 5580 
OCTGACTCAT ACCACCCCTC AATCGCCCCA 5640 
TTCATCACAC CTTTCTPSTA ^CCTCCACCAG 5700 
CAACCCTCTC CCTTCTCGGC AACATCCCTC 5760 
TTTATTCAAC AAAGCCOCCO TCCCCTCAAC 5820 
AATTAACCAA TTCTGATTAC AAAAACTCAT 5880 
TATCAOCATT ATCAATACCA T ATTTTTC AA 5940 
CACCGACCCA CTTCCATACG ATCGCAAGAT 6000 
CAACATCAAT ACAACCTATT AATTTCCCCT 6060 
CACCATGACT CACCACTCAA TCCGCTCAGA 6120 
CTTCTTCAAC AGCCCAOCCA TTACCCTCCT 6180 
TATTCATTCC TGATTOCCCC TGAGCCACAC 6240 
TACAAACACG AATCGAATCC AACCCGCOCA 6300 
CACCTGAATC AGCATATTCT TCTAATACCT 6360 
TGACTAACCA TGCATCATCA GGAGTACOGA 6420 
ATTCCCTCAC CCACTTTAGT CTCACCATCT 6480 
TGCCATCTTT CACAAACAAC TCTCCCCCAT 6540 
CACCTGATTC CCCGACATTA TCCCOACCCC 6600 
TGGAATTTAA TCCCGCCCTC CACCAAGACC 6660 
TTCTATTACT CTTTATGTAA CCACACACTT 6720 
CTCCAATCTA ACATCAGAGA TTTTCACACA 6780 
TCCGCATCAC CGCCGCCACA CGTCCCGTTG 6840 
GGGAACATCC OCCTCGCCAC TTCCCGCTCA 6900 
CACCCCCCCT GGCCGCGGGA CTCTTGGGCG 6960 
CGGCGGTCCT CAACCCOCTC AACCTACTAC 7020 
AGOGAGAGCC TCCACTATCT ATGATTCOAA 7080 
GTCTCTTOAC C TCTC C T A TC AGATTATOCC 7140 
TCCTAAATTT CTCTCACTTT TQCTC A TCAG 7200 
TGACAOCAGA AATCTCCTTC TTOCAGACAC 7260 
TCTTATCAGC AACAAACTTC TT CT TT CC AA 7320 
GAGTGGATAT GTCCCCTAGG AATGCAGCCC 7380 
CTATCTAGGC TTTCTAGATA CTGATGCCAA 7440 
ACCATTCCGA ATCCAGAGAA ATCAAACTTG 7SO0 
TCTTCAAACT GACAATACTG TOCTCCTCTT 7560 
TCTTTCATCT AAATAATCTT GACGACCCAA 7620 
TAAAACCTTA AAACCACAAG TATCTCTOCC 7680 
CATCCTCATC AACTTCACCC CCACTATCTT 7740 
CGAGAAAAAC CTACCCTCAT TTTAAACGTC 7800 
TTTCCCTCAT GACCCTCAAA ACCTCTCACA 7860 
TCTGTAAGCG CATGCCCGCA CCACACAAGC 7920 
CTCTCOCCCC CCACCCATCA CCCAGTCACC 7980 
TATCCCCCAT CACAGCACAT TCTACTCACA 8040 
ACATCCCTAA GGACAAAATA CCCCATCACG 8100 
CTGCGCTCCC TCCTTCCCCT CCCCCCAOCC 8160 



• i fEST r ^^ CCTCAA1TTT OCACAATTCA 
- TTO CATIlT r CTTTAOOTTO 1TLWW F U 
€321 CTGACCTTTA CGGACTTCAT A1XXAOOITT 
4381 TTGGCACATC TAACTAATOC AAAATAAAAT 
4441 TTGCATTTAG CTTCTOCAAO TXCH1CAOCT 
4501 TCGTCGTCAA ATAACCCTTT OOTATAAOAA 
4561 AACCTCCCTT CCATQQCXCT AAGACOCTTT 
4621 TCACAGAAAC CAACACCTOT T TOT T CA ACC 
4681 AATTCGATAC CCAOCAACT7 TTOACTTOCT 
4741 TCACCACGAC ATTCCTACAC TOCAOTTTOT 
4801 CACGAGTACA CCAO0O0CAA OGAOTAATTA 
4861 CCATCGGGGC CGTCAOTAOT CAAAGACOCC 
4921 ACATCTTCAG AAAOTTOGTA TTCAGTAOTC 
4981 CCACAAGCAA CAGTGGAAOT CACA1CTACC 
5041 CTTCTACTAC CCCCATTACT CAAACTnTC 
S101 CCCATACTAC CATTAOOQGQ CAAOOATQCA 
5161 CTAGCCCCTC CGATCATOCT TTOGACAACT 
5221 TCATT GATAC CATTATTCTA CAACTTGAGC 
5281 TCTGTAACCG ATGACTCAAC TTGCACATTA 
5341 ATCAGCTTGT GCACCTGCTC ACCAGCATAG 
5401 GAATTATCAA ACTCT OCA AC ACTTGCGTAT 
5461 CTCGGACACT CACTCTACTC TTGAGAAATT 
5521 ACTCATCACG ACATCCTCTA CGCCOGACCC 
5581 CCCTGACCTC TCCCTCCTCA AGAAGCTCTT 
5641 TCATCCACCC AGAAAGTGAG OOAGCCACCC 
5701 T TCCTC ATTT TCAACTZTTG CTTTOOCACC 
5761 ATCTCATCCT TCAACTCAGC AAAACTTCCA 
5821 TCAGCCTAAT CCTCTOCCAC TCTTACAACC 
5881 OCACCATCAA ATGAAACTCC AATTTATPCA 
5941 AAAOCCCTTT CTCTAATOAA OGAGAAAACT 
6001 CCTCGTATCC CTCTCCJCATT COCACTOCTC 
6061 CCTCAAAAAT AACCTTATCA AGTGAGAAAT 
6121 ATCGCAAAAG CTTATOCATT 1CTTTCCAGA 
6181 CATCAAAATC ACTCCCATCA ACCAAAOCCT 
6241 GAAATACCCG ATCCCTO7TA AAAGGACAAT 
6301 CGAACACTGC CACCCCATCA ACAATATTTT 
6361 GGAATCCTCT TTTCCCGCGG ATCCCAGTCC 
6421 T AAAATG CTT GATCCTCCCA AGAGGCATAA 
6481 CATCTGTAAC ATCATTGGCA ACGCTAOCTT 
6541 CCGGCTTCCC ATACAATCGA TAGATTCTCC 
6601 ATTTATACCC ATATAAATCA OCATCCATCT 
6661 TTTCCCCTTG AATATOCCTC ATAACACCCC 
6721 TTATTCTTCA TGATGATATA TTTTTATCTT 
6781 CAACCTCCCT TTCCCCCCCC OCCCTGCACG 
6841 CTCGCCCCTA TATCCCCGAC ATCACCGATG 
6901 TCAGCCCTTC TTTCGOCGTC OCTATCGTGG 
6961 CCATCTCCTT GCATGCACCA TTCCTTOCCG 
7021 TCGGCTCCTT CCTAATOCAC GAGTCGGATA 
7081 CTATGGCAAT CCTGATACCC OCATTCTTCA 
7141 CAACTAAACC AACCGGAGQA OGAGATTTGA 
7201 TACACTCCAA CTCTGAGACT A TCTCQCT 1 A 
7261 TAAATC AACT CCCACCAATA AAGAAATCCT 

7321 crrrnccGT cccttgaact ataaaatcta 

7381 GCAAA TGCTT ACCTTCTGGA CCTTCAAGAC 
7441 CTTCACT GAC AACCTTCCTA TTTCCTTCAA 
7501 TTTCTCTACT ATTCATCCAA OCCACTGCGC 
7S61 TTCACCTCAT CTTTCTATGA ATAAATCTAC 
7621 CGCCATAAAT ACCCAAATCT AAAACTCTTT 
7681 TCTAT TAAAC CCCAAATCAC CTCGTACTCT 
7741 CTTTTACAGA AATTTOCCCA CATGCCATAT 
7801 AAATTTATCT CAACATCTCT OCCTCGCGCC 
7861 CATCCACCTC CCCCACACCG TCACAOCTTC 
7921 CCCTCACCCC CCCTCAGCGC CTCITGOCCC 
7981 TAGCGATACC CCACTCTATA CTCCCTTAAC 
8041 CTCCACCATA TCCCCTCTCA AATACCOCAC 
8101 CCCTCTTCCC CTTCCTCCCT CACTCACTCC 
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8161 O PCTta OCTC ACTCAAACCC CCTAATACOC 
8331 AAOAACATCT CACCAAAACC CCAOCAAAAC 

8281 ooorxmoc atacgctooo cccooctgac 

8341 ACOTOGCGAA ACCCOACAGO ACTATAAAGA 
8401 8WOOCTCTC CTCTTOCGAC OCTOOOOCT T 
8461 OGAAOCCTGO COCTTICICA A TOCTC A OPC 
8S21 COCTOCAAGC TQQOCTCTGT OCACCAAOCC 
8581 CGTAACTATC CTCTXBAGTC CAACCCOCTA 
8641 ACTCCTAACA CGATTAOCAO AOOGAQGTAT 
8701 TOCCCTAACT ACCCCTACAC TAOAAGOACA 
8761 CTTACCTTCC CAAAAAGAOT T8GTAOCTCT 
8821 CGTCGTCTTT TTCTTTCCAA OCAGCAGATT 
8681 CCTTTGATCT TTTCTACCOO CTCTGAOCCT 
8941 TTCCTCATGA GATTATCAAA AAOOATCTTC 
8001 TTTAAATCAA TCTAAACTAT ATATQAOTAA 
9061 AGTCAGGCAC CTATCTCAOC GATCICTCTA 
9131 CTCCTCTACA TAACTACOAT ACOCOAOOCC 
9181 CCCCCAGACC CACOCTCACC O0CTCCAOAT 
9241 OCOCAGCOCA CAACTOCTCC TCCAACTTTA . 
9301 CCGCAACCTA CAGTAAOTAC TTCOCCAOTT 
9361 OCACGCATCC T CG TCI C AO0 CTOCTCOTTT 
9421 GCATCAAGGC GACTTACATC ATCCCOCATC 
9481 CCTCCGATCC TTCTCAOAAC TAAOTTQ0CC 
9541 CTGCATAATT CTCTTACTCT CATCCCATCC 
9601 TCAACCAACT CATTCTGAOA ATACTCTATC 
9661 ACACGCCATA ATACCOCCCC ACATACCACA 
9721 TCTTCCCCCC CAAAACTCTC AACOATCTTA 
9781 ACTCCTCCAC CCAACTCATC TTCAGCATCT 
9841 AAAACACGAA CCCAAAATCC CCCAAAAAAC 
9901 CTCATACTCT TCCTTTTTCA ATATTATTCA 
9961 GGATACATAT TTGAATCTAT TTACAAAAAT 
10021 CGAAAACTGC CACCTCACCT CTAAGAAACC 
100B1 ACCCCTATCA CGAGGOCCTT TOCTCTTCAA 
10141 TCCATAACCT CACTCATCTT OCTATTCTCA 
10201 AACACTTATT ATTCC 
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TTATCCACAG AA7CAOQ0CA TAAO0CAO0A 8220 
OCCAOOAACC CTAAAAACGC OCCCnOClU 8280 
GAOCATCACA AAAATCGACO CTCAACTCAO 8340 
JACCAOCOCT TTCCCCCTCG AACCTOOCTC 8400 
AOOOGATACC TCTOOCOCTT TCTCOCTTCO 6460 
T0TAOGTATC TCACTTOGCT CTAGCTCOTT 852C 
OCCCTTCACC OCCACCOCT G COCCTTA1CC 8580 
AGACAOQACT TATCOCCACT GOCAGCAOCC 8640 
CTAGCCCCTC CTACAGACTT CTTCAACTOC 8700 
CTATTTCGTA 1CTC C GCTCT CCTOAAGOCA 8760 
TCATCCCCCA AACAAAOCAC COCTCCTAGC 8620 
ACCCGCAGAA AAAAAGCATC TCAAGAAGAT 6880 
CACTGGAACG AAAACTCACG TTAAGGGATT 8940 
AOCTAGATCC TTTTAAATTA AAAATCAAGT 9000 
A CTTQCTCTQ ACACTTAOCA ATCCTTAATC 9060 
TTTCCTTCAT OCATAGTTCC CTGACTCOCC 9120 
TTACCATCTG OCOCCACTCC TOCAATGATA 9180 
TTATCAOCAA TAAACCACCC AG0C0GAACG 9240 
tGCGCCTCCA TOCACTCTAT TAATTCTTCC 9300 
AATACTTTGC OCAACCTTGT TOCCATT0CT 9360 
OGT AT00CT T CATTCAOCTC OOCTTCCCAA 9420 
TTGTCCAAAA AAGCGGTTAG LlllTIUJIT 9480 
OCAGTCTTAT CACTCATCCT TATCCCAOCA 9540 
GTAAGATCCT TTTCTCTGAC TGGTGACTAC 9600 
CGCCGACCCA c mi 'ltl'I C CCCGGCCTCA 9660 
ACTTTAAAAC TGCTCATCAT TOGAAAACCT 9720 
COGCTCTPCA CATCCACTTC GATCTAACCC 9780 
TTTACTTTCA CCACCCTTTC TCCCTGAGCA 9840 
OGAATAACCC CCACACGGAA ATCTTCAATA 9900 
AGCATTTATC AGCGTTATTC TCTCATGAGC 9960 
AAACAAATAC OCCTTCCCCG CACATTTCCC 10020 
ATTATTATCA TGACATTAAC CTATAAAAAT 10080 
GAATTAATTC TCATGTTTCA CAGCTTATCA 10140 
AATAGACCCA GATCCGGAAC ACTCAAAAAT 10200 
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